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(54) /^aratua and method for performing microf luidic manipuitlons 16r chenucal analysis and 
synthesis 



(57) A microchip laboratory system (10) and method 
provide fluitSc manipulations for a variety of applica- 
tions, including sample Injection lor microchip chemical 
separations. The microchip Is fat>r1cated using standard 
photolithographic procedures andchemk:al wet etching, 
with the substrate and cover plate joined using direct 



tM>ncfing. Capillary electrophoresis and eiectrochoma- 
tography are performed in chanr^eis (26, 28, 30, 32, 34, 
36, 38} formed in the sut>str8te. Analytes are loaded into 
a four-way intersection of channels by electrokinedcalty 
pumping the analyte throu^^ the intersectjon (40), fol- 
lowed by a swSching of the potentials to force an analyte 
plug Into the separation channel (34). 
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Descr^tlon 

[OMM] This invention was made with Government support under contract DE-AC05-84OR21400 awarded by the U. 
S. Department of Energy to Martin Marietta Energy Systems, Inc. and the Government has certain rights in this inven- 
tion. 

Field of the Invention 

[0002] The pr^nt lnventk>n relates generally to miniature instnjmentation for chemical analysis, chemical sensing 
and synthesis and, more specT cally, to oiedrically controlled manipulations of fluids in micromachined channels. These 
manipulations can t>e used In a variety of applications, inducfing the electrically controlled manpulatlon of fluid for 
capiiary electrophoresis. Squid chromatography; now injection analysts, and chemical reaction and synthesis. 

BackgiDund of the invention 

[0003] Latx>Fatory analysts is a cumt>erson>e process. Acquisition of chemical and biochemical m formation requires 
expensive equipnrrem, specialized labs and higt)ly trained personnel. For this reason, laboratory testing is done in only 
a fraction of circumstances where acquisition of chemical infonnation would be useful A large prqx>rtion of testing in 
both research and dinica) situations is done with crude manual methods that are characterized t>y high lat>or costs, 
high reagent consumprlon, long turnaround tknes, relalive inpredsion and poor reprodudt»lity. The pfactice of tech- 
niques such as eledrophoresis that are in widespread use In biology and medical laboratories have not changed 
significantly in thirty years. 

[0004] Operations that are performed in typical laboratory processes Include specimen preparation, chemical/bio- 
chemical conversions, sample fractionation, signal detection and data processing. To aocompOsh these tasks, liquids 
are often measured and dispensed with volumetric accuracy, mixed together, and subjected to one or several d^erent 
physical or chemk:al env^onments that accomplish conversion or fractionation . In research, diagnostic, or development 
situations, these operations are carried out on a macroscopic scale using fluid volumes b\ the range of a few microliters 
to several Sters at a tffne, inifividual operations are performed in series, often using different spedatized equipment 
and instruments for separate steps in the process. Complications, difficurty and expense are often the result of oper- 
ations invohring multiple latx>mb>ry processing steps. 

[0(K>5] Many workers have attempted to solve these problems by creating integrated laboratory systenrs. Conven- 
tional robotic devices have been adfi^led to perform pi>etting, spedmen handling, solution mixing, as wen as 8onr» 
fractionatron and detection operations. However, these devk:es are h^fMy compficated, very expensive and their op- 
eratk>n requires so much training that thev use has been restricted to a relatlvefy small number of research and d6> 
velopment programs. More suooessful have been automated dinkral tflagnostic systems for rapidly and Inexpensively 
peifofming a small numlwr of appKcatuns such as dinb£ri chermstry tests for bk)Od levels of glucose, elactrolyiee and 
gases. Unfortunately due to their complexity, large size and great cost, such equipment, is imited k\ fts applk:ation to 
a small number of diagnostic dicumstances. 

[(M»^ The desirabSily of cxploit&ig the advantages (rf Integrated systems In a broader context of laborErtory appli- 
cations has led to proposals that such systems be nvniaturized. In tt» 1 980*8, considerable research and development 
effort was put into an exploration of the concept of biosensors with the ttope they might fill the need. Such devfees 
make use of selecth^ chenvcal systems or biomoiecules that are coupled to new methods of detectkm such as eiec- 
trochenNstry and optcs to transduce chemk:al si^ls to electrcal ones that can be Inleipreted by con^uters and other 
signal processing units. Unfortunately. bk>sensor5 have been a commeiciBi disappointmenL Fewer than 20 convner- 
daRzed piO(ftjcts were available h 1 993, accounting for revenues in the U^ of less than $1 00 million. Most observers 
agree that this failure Is prtnarily lechnotogfcal rather than reflecting a misintBrpretation of martcet potential. In fact, 
many slluattons such as massive screenlngfornew dmgs, highly parallel genetk: veseanch and testing, mkxo-chemlstiy 
to minlnvze costly reagent consurr^tkm and waste generation, and bedsMe or doctor's dfice diagnostics woukf greatly 
bermfit from miruature integrated laboratory systems. 

[0(Nni In the earty 1990^8, people began to discuss the possibility of creating miniature verstons of conventional 
technology. Andreas Manz was one of the first to artk:uiate the idea In the sdentifc press. Calling them "miniaturized 
total ajialysis systems." or VTAS." he precScted that ft would be possble to integrate into smgle units mfcroscopk: 
versions of the various elements necessary to process chemical or bk>chemk»l samples, Ihefetyy achieving automated 
experimentatkm. Since that time, miniature componenls have appeared, part'cutarfy molecular separation nnethods 
and microvahfes. However, attempts to combine these systems into complete integrated systems have nc^ met wfth 
success. This is primarily because pradsa manlpulatton of If ny flukS volumes In extrmely narrow channels has proven 
to be a difficuft technologfcal hurdle. 

[0008] One prominent field 8U8oeptl>te to minialuriziAton is capillary etedrophoresls. Capillary electrophoresis has 
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become a popular technique for separating charged molecular spectes in solution. The technique Is perfomncd In small 
capltlary tubes to reduce band broadening effects due to thermal convedion and hence improve resolving power Die 
sman tites imply that minute volumes of materials, on the order of nanofiteis, must be handled to inject the sample 
Into the separetbn capillary tube. 

[0009) Current techniques for injection Include electromlgration and siphoning of sample from a container Into a 
continuous separation tube. Botti of these techniques suffer from relatively poor reprodudbirrty, and etectromigration 
additionally suffers from elec^rophoretic moMllty-based bias. For both sampling techniques the input end of the analysis 
capillary tube must be transferred from a buffer reservoir to a reservoir holding the sample. Thus, a mechanical ma- 
nipulation is involved. For the siphoning injection, the sample reservoir is raised above the buffer reservoir holding the 
exit end of the capillary for a fixed length of time. 

P»10] An electromigratlon ejection is effected by sqsplying an appropriately polarized electrical potential across the 
capillary tube for a given duration while the entrance end of the capillary is in the sample reservoir. This can lead to 
sampfing bias because a disproportionately larger quantity of the spedes with higher efectrophoretic moblBdes migrate 
into the tube. The capillary Is removed from the sample reservoir and replaced into the entrance buffer reservoir after 
the injection duration for both techniques. 

[001 1 ] A continuing need exists for methods and apparatuses which lead to innproved electrophoretio resolution and 

improved Injectton stability. 

Surrenary of the Irwention 

[0012] The present Invention provides microchip laboratory systems and methods that allow complex biochemical 
and chemical procedures to be conducted on a microchip under electronic control. The mlcroch^ laboratoiy systems 
comprises a material handing apparatus that transports materials through a system of interconnected, Integrated chan- 
nels on a microchip. The movement of the materials is precisely directed by controUing the electric fields produced in 
the integrated channels. The precise control of the movement of such materials enables precise mixing, separation, 
and reaction as needed to miplement a desved biochemical or chemical procedure. 

[0013] The microchip laboratory system of the present invention analyzes and/or synthesizes chemical materials In 
a precise and reproduca^le manner. The system includes a body having integrated channels connecting a plurality of 
reservoirs that store the chemical materials used in the chemical analysis or synthesis pcrfonmed by the system. In 
one aspect, at least frte of the reservoirs simultaneously have a controlled eiectricat potential, such that material from 
at least one of the reservoirs is transported through the channels toward el least one of the other resen«Mrs The 
transportation of the material through the channels provides exposure to one or mom selected chemical or physiced 
environments, thereby resulting in the synthesis or analysis of the chemical material. 
[0Q14| The microchip Kaboratory system preferably also indudes one or more intorsecto^ 
connecting three or more of the resenrolrs. The lal>oratofy system controls the electric fields produced in the channels 
in a manner that controls which materials in the reservoirs are transported through the inter5ection(s). In one ent>od- 
iment. the microchip latwratory system acts as a nolxer or cfihiter that combines materials in the intersection(8) by 
prodirang an electrical potential in the ntersec^on that is less than the electrical potential at each of the two reservoirs 
from which the materials to be mixed originate. Altemathrafy, the laboratory system can act as a dspenser th^ elec- 
troiunetically injects precise. controDed amounts of nraterial through the IntersecUon(s). 

[0015] Bjf simultaneously appf^ng an electrical potential at each of at least five reservoirs, the mcioch^ laboratory 
system can act asacomplelesystemforperfonningan entire chernicalanal^orsynthesis. The fi^ 
can be configured In a manner that enables the electroidnetic separation of a sample to be analyzed fthe analyte*) 
which is then mixed with a reagent from a reagent reservoir. Altemativeiy, a chemical reaction of an analyte and a 
sohrent can be performed flrGt, and then the material resuUng from the reaction can be electrokln^icaily separated. 
As such, the use of five or more reserv^nrs provides an integrated laboratory system that can perfonm virtually any 
chemical analysis or synthesis. 

[001 6) In yet another aspect of the invention, the microchip latioratory system indudes a dout^ Intersection formed 
by channels interconnecting at least six reservoirs. The first intersection can be used to inject a precisely sized analyte 
plug into a separation channel toward a waste reservoir. The electrical potential at the second Intersection can be 
selected in a manner tiiat provides addtlonal control over tiie size c/t the analyte plug. In addition, the electrical potentials 
can be controOedinamariner that transports materialsfrom the fifth and sixth reservoirs tfirough ttieeecond inlersecftton 
toward the first intersection and toward ttie fourth reservofa- after a selected volume of material from the first intersection 
Is transported through the second intersection toward thefourth reservoir. Such control can be used to push the analyte 
plug hirther down the separation channel while enabling a second analyte plug to be in^cted tiirough the f»st frrter- 
section. 

[0017] In another aspect; the microchip labormory system acts as a niicrochip flow control system 

of material through an intersection fomwd by integrated channels connecting at least four reservoirs. The microch^ 
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flow control system simuftaneously applies a contrdted ^ectrical potential to at least three of the reservoirs such that 
the vohjme of materiai transported from the first reservoir to a second reservoir through the intersection is selecttvely 
controSed solely by ttie movement ci a material from a third reservoir through the Intersection. Preferably, the material 
moved through the third reservolrto selectively ooritrot the rnateflaltrsns;^ 

5 the same second reservoir as the material from the first resenrolr. As such, the micrDchip flow control system acts as 
a valve or a gate that selectively controls the vobime of material transported through the intersection. The nucrochrp 
flow control system can also be corrfigured to act as a dtsper^ser that prevents the first material from moving through 
the intersection toward the second reservoir after a selected volume of the first material has passed through the inter- 
section. Alternatively, the microch^ flow control system can be configured to tct as a diluter that mixes the first and 

10 second materials in the intersection In a manner that simultaneously transports the first and second materials from the 
intersection toward the second reservoir. 

[0018] Other ot)jocts, advantages and salient features of the invention will become apparent from the following de> 
tailed description, which taken In oonjuncdon writh the annexed drawings, dtedoses preferred embocfiments of the 
Invention. 

15 

Brief Description of the Drawings 
(0019] 

so Rgure 1 is a schemaite view of a preferred emk>odiment of the present invention; 

Figure 2 is an enlarged, vertical sectional view of a channel shown; 

Figure 3 is a schematic, top view of a microchip according to a second preferred emtxMSment of ttie present 
invention; 

Figure 4 is an enlarged view of the intersection region of Rgure 3; 
25 Figure 5 are CCD images of a plug of analyte moving through Uie intersection of the Fi^re 30 embodiment; 

figure 6 is a schematic top view of a microchip laboratory system according to a third preferred embodsnent of a 
microch^ according to the present Invention; 

Figure 7 is a CCD image of "s^nple loading rrKxIe for rhodamlne B* (shaded area); 

Rgure 8(a) Is a schematic view of the intersection area of the microchip of Rgure 6, prk>r to analyte inje^k>n; 
30 Rc^re 8(b) is a CCD fluorescence ^age taken of tfie same area depicted m Figure 8(a), after sample loadirtg in 

the pinched mode; 

Figure B(c) Is a photorracrograph taken <rf the same area depicted in Rgure 8(a), after sarr^ia loacing In the floating 
mode: 

Figure 9 shows integrated fluorescerm signals for iJijected vokime plotted versus time for pinched and floating 
35 inject»ns; 

Fh^re 10 is a schematic; top view of a microchip aoconJing to a fourth preferred emt)0diment of the presertf in- 
ventkm; 

Rgure 11 is an enlarged view of the inteisectk>n re^n of Rgure 1 0; 

Figure 12 is a schemata top view of a microchip laboratory system accofding to a fifth preferred embodifTtent 
40 according to ttie present Invention; 

Rgure 1 3(a) ^ a schematic view of a CCD centra view of the intef5ectk)n ^ea of the microchip laboratory system 
of Rgure 12; 

Rgure 13(b) is a CCD fluorescervce image taken of the same area deputed in Rgure 13(a), after sample bading 
in the ptnch^ mode; 

45 F^res 13(c)-13(e) are CCD fluorescence images taken of the same area depicted In Rgure 13(a), sequentially 
showing a plug of analyte moving aiway from the channel intersedkm at 1, 2, and 3 seconds, respectively, after 
swftching to the ran nxxle: 

Rgure 14 shows two injection pioflles fbr dktansyl-lysine injected for 2s with y equd to 0.97 and 9.7; 
Rgure 15 are electropherograms taken at (a) 3.3 cm, (b) 9.9 cm. and (c) 16^ cm from the point of Injecllon for 
so rhodamine B (less retain ecQ and sulfofhodamir^ (more retained); 

Fi^jre 1 6 is a ptot of the efRciericy data generated from the electropherograms of Rgure 1 5, shoving varlatkm of 
the plate number with channel length for rhodaniine B (square with plus) and sulfortx>damine (square with plus) 
and sutforfrodamhe (square with dot) wfth k)est linear fft (solkl Ikies) for each analyte; 

Rgure 17(a) is an electropherogram of rhodamine B and fluorescein wth a separalbn field strength of 1 .5 kV/cm 
S5 and a separation length of 0.9 mm; 

Figure 17(b) Is an eledroi^rogFam of rhodamlneB and fluorescein wfth aseparolionfieklstren^h of 1.5 kV/fcm 
and a separab'on length of 1 .8 mm; 

Figure 17(c) is an electrophefogram of rtiodamlne Band fluorescein with a separalron field sl^^ 1.6kVA»i 
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and a separation length of 11 .1 mm; 

Rgure 1 8 is a graph showing vanation of the nunrtber of plates per unit tune as a function of the electric Held strength 
for rtiodamlne B at separation lengths of1.6 mm (drdo) and 11.1 mm (square) and for fluorescein at separation 
lengths on.6 mm (diamond) and 11.1 mm (triangle), 

figure 1 9 shows a chromatogram coumarlns analyzed by electrochromatogFaphy using the system of Figure 1 2; 
Figure 20 shows a chromatogram of coumartns resulting from micellar electroldnetic capilary chrom^graphy 
using the system of Figure 12; 

Figures 21 (a) and 21 (b) show the separation of three metal ions using the system of Rgure 12; 

Figure 22 Is a schematic, top pian view of a miciDCiup according to the Rgure 3 embodiment, additionally Including 

a reagent reservoir and reaction cfianel; 

Rgure 23 is a schematic view of the embodiment of Figure 20» showing applied voltages; 
Figure 24 shows two etectropherograms produced using the Rgure 22 embodiment; 

Rgure 25 is a schematic view of a micrDChi> laboratory system according to a sixth preferred embodiment of the 
present invention; 

Rgure 26 shows the reprodudbiSty of the amount injected for arginine and glycine using tfie system of Rgure 25; 

Figure 27 shows the overlay of three electrophoretic separations using the system of Rgure 25; 

Figure 28 shows a plot of anwunts Injected versus reaction dme us^g the system of R^re 25; 

Figure 29 shows an eiectropherogram of restriction fra^nents produced using the system of Figure 25; 

Figure 30 is a schematic view of a microchip laboratory system according to a seventh preferred embodiment of 

the present invention. 

Figure 31 is a schematic view of the apparatus of Rgure 21. showing sequential applications of voltages to effect 
desired fluidic man'fxilations; and 

F^re 32 Is a graph showing the different voltages applied to effect the fluidic man'^Milatlons of Rgure 23. 
Detailed Description of the Invention 

[(K)20] Integrated, micro-laboratory systems for analyzing or synthesizing chenvcals require a precise way of nr^- 
nipulating fluids and fluid43ome material and subjecting the fhiids to selected chemical or physical envimrenents that 
procfcice desired conversions or partitioning. Given the concentratk>n of analytes that produces chemk^al conversion 
in reasonabte time scdos, the nature of molecular defection, cSffusion times and manufwrturing methods for creating 
devices on a microscopic scale, miniature Integrated micro-laboratory systems lend themseh^ to channels having 
dimensions on ttie order of 1 to 100 micrometers In diameter. Within this context, electrolcineUc pumping has proven 
to be versatile and effective in transporting materials in microfabricated laboratoiy syslerrs. 
[0021] The present invention provides the tools necessary to make use of electroldnetic pumping not only in sepa* 
rations, but also to perform liquid handling that aocompllshefi other important sample processing steps, such as chem- 
ical oonversiofts or sample partitioning. By simultaneous^ controlling voltage at a pturanty of ports connected by chan> 
nets in a microchip stnicture, it is possible to measure and dispense fluids with ^at precision, mU reagents. Incubate 
reaction components, direct the components towards sftes of physical or t»ochemical partition, and subject the com- 
ponents to detector systems. By ccOTibining these capabilities on a single microch^, one able to create corrf>l^, 
miniature^ mtegrated automated laboratory systems for analyzing or synthesizing cherrwsts. 
[0022] Sw^ integrated n^:n>>iaboratory systenris can be made up of several component elements. Component el- 
ements can include Ik^uld disfwrsing systems, liquid mixing systems, molecular partition systems, d^e^or sigtits. etc 
For example, as described herein, one can construct a relatively complete system for the identification of restriction 
endonudease sites in a DMA molecule. This single micrDfabricated device thus includes in a single system the hinctions 
that are traditionally peifonmed by a technician employing p^pettors. Incubitfors, gel electrophoresis systems, and data 
acquisition systerns. In this system, DfslA is ndxed with an enzyme, the mbdure is incubated, and a selected volme 
of the reaction mixture is dispensed Mo a separation channel. Eiectrophor^ 
labefingoltheDMA. 

[0023] Shown in Figure 1 is an exarr^le of a microchip laboratory system 10 configured to frnplement en entire 
chemical analysis or synthesis. The laboratory system 10 inductes six reservoirs 12, 14. 16, 18, 20, and 22 connected 
to each other by a system of channels 24 micromachined Into a substmte or base member (not shown In Rg. 1). as 
discussed n more detaU below. Each reservoir 12-22 Is in fluid communication with a corresponding channel 26, 28. 
30, 32, 34, 36, and 38 of the channel system 24. The first charmel 26 leading from the first reservoir 12 is connected 
to the second channel 28 leading from the second reserve V 14 Kafirs! intersection 38. IJiewise, the tlM channel 30 
from the third reservoir 16 is connected to the fourth channel 32 at a second intersection 40. The first Intersection 38 
is connected to the second intersection 40 by a reaction chamber or channel 42. The fifth channel 34 from the fifth 
resenn)fr 20 is also connected to the second Intersection 40 such that the second intersection 40 Is a f ourway frrter- 
section of channels 30, 32, 34. and 42. The filth channel 34 also Intersects the sixth channel 36 
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22 at a third intersection 44 

[0024] The materials stored in the reservoirs preferabty are transported eloctrokinetically through the channel system 
24 in order to vrtplement the desired analysts or synthesis. To provide such electrokinetlc transport, the laboratory 
system 10 includes a voltage controller 46 capable of applying selectable voltage levels, including ground. Such a 

5 voltage oontrDller can be implemented using multiple voBage dividefs and multipie relays to obtain the selectable volt- 
age levels. The voltage controDer is connected to an electrode positioned In each of the six reservoirs 12-22 by voltage 
lines VI -V6 in order to apply the desired voltages to the matelials in the reservoirs. Preferably, the voltage controDer 
also includes sensor channels SI , S2, and S3 connected to the first, second, and third ^tersections 38,40,44, respec- 
tively, in order to sense the voltages present at tt>ose intersections. 

10 IW2S\ The use of electrokinetic transport on microminiaturized planar Rquid phase separation devices, descnbed 
above, is a viable appro^h for sample manf>ulatton and as a pumping mechanism for liquid chromatography. The 
present invention also entails the use of electroosmotic flow to mix various fluids in a controlled and reproduobte 
fashion. When an appropriate fluid is placed in a tube made of a correspondingly appropriate material, functional groups 
at the surface of the tube can ionize. In the case of tul)ing materials that are terminated in hydroxyl groups, protons 

f9 win leave the surface and enter an aqueous sohrent Under such conditions the surface will have a net negative charge 
and the sohrenl will have an excess of positive charges, mostly In the charged double layer at the surface. With the 
application of an electrte fieM across the tube, the excess cations in solution will be a^^ 

electrode. The movement of ttiese positive charges through the tut)e will drag the sohrent with them. The steady state 
velocity is given tyy equatk>n 1 . 

20 




(1) 



where v is the solvent velocity, e is the dielectric constant of the fluid. ^ is the zeta potential of the surface, E is the 
S5 electric fiM strength, and ic is the solvent viscosity. From equation 1 it is obvious thatthe fluid flow velocity or flow rate 
can t>e controlled ttvough the electric field strength. Thus, electroosmosis can bo used as a programmable pumping 
mechanism. 

[0026] The laboratory rrucrochip system 10 shown in Rgure 1 could t>e used for perfomrting numerous types of lab- 
onatory analysis or synthesis, such as DMA sequencing or analysts, eiectrochromatography, micellar electrokinetic 

30 capillary chromatography (MEGC), inorganic ion analysis, and gradient elution Tiquid chromatography, as discussed 
in more detail t>ek>w. The fifth channel 34 typicaSy Is used for electrophoretlc or electrochromatographic separations 
and thus may t>e referred to in certain emt>odiment5 as a separation channel or colurrvi. The reaction chamber 42 can 
be used to mux any two chemicals stored in the first and second reservoirs 12. 14. For example, Df^A from the first 
reservoir 12 could be mixed with an enzyme from the second resenwir 14 In the first Intersection 38 and the mixture 

^ could be incutiatedb the reaction chanter^ The incut>ated mixture could then be transpo^ 

intersection 40 into the separation column 34 for separation. The sixth reservoir 22 can tie used to store a fluorescent 
lat>ei that is mixed In the thvd intersection 44 with the materials separated in the separation column 34. An appropriate 
detector (D) could then be empbyed to analyze the labeled materials between the third intersection 44 and the fifth 
reservoir 20. By providing for a pre-seperation column reaction in ttie first intersection 38 and reactk)n chamber 42 

^ and a post-separation column reaction in the third ^tersectbn 44. the latx>ratory system 1 0 can be used to inr^tement 
many standard laboratory technk^ues normaBy Implemented manually in a conventional laboratory. In ad<fition. the 
elements of the laboratory system lOcouU tw used to build a more complex system to solve more complex laboratory 
procedures. 

[0027] The laboratory nvcrochip system 1 0 includes a substrate or base member (not shown in Fig. 1) whk:h can be 
^ an i^pproxvnately two inch by one inch piece of microeoope sikte (Coming, fnc 12947). While glass is a preferred 
material, other simiar materials may l>e used, such as fused siGca, crystalline quartz, fused quartz, plastics, and silicon 
(if the surface is treated sufficiently to alter its resastivdy). Preferably, a noncorxiuctive material such as glass or fused 
quartz Is used to aUow re atively hl^ electric fields to be applied to electrokineik^ily transport materials through) chan- 
nels in tt« mk^rochip. Semiconducting materials such as silkxm couki also be used, but the electric field applied wouM 
so normally need to be kept to a minimum (approximately less than 300 volts per centimeter using present techniques of 
providing insulating tayers). whkii may provkie xisulflciertt electrokinetic movement 

[0028] The chanr)el pattern 24 Is formed in a planar surface of the substrate using standard photolthographk: pro- 
cedures foltowed by chemk»l wet etching. The channel pattem may t>e transferred onto the sut>strate with a positive 
photoresist (Shipley 1811 ) and an e-beam written chrome mask (Institute of Advanced Manufacturing Sciences, Inc.). 
S5 The pattem may be chenr^caBy etched using HF/NH«F solution 

[00291 Alter fonming the channel pattern, a cover plate may then be bonded to the sidtstrate using a drect bonding 
technk|ue whereby the substrate and the cover plate surfaces are first hydtolyzed m a dihjte mfiHm^ solution 
and then joined. The assernbly is then annealed at about 500* C In order to Insure proper adhesk>n of 1^ 
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to the substrate. 

P030] Foliowing bonding of the cover plate, the reservoirs are affixed to the substrate, with portions of the cover 
plate sandwiched therebetween, using epoxy or other suitable means. The reservoirs can be cylindrical with open 
opposite axial ends. Typically; electrical contact is ntade by placing a platinum wire etedrode In each rsservolrs. The 
electrodes are connected to a voltage controDer 46 which applies a desired potential to select electrodes, in a manner 
described in more detail below. 

[0031] A cross section of the first channel is shown in Rgure 2 arxl is identical to the cross section of each of the 
other integrated channels. \Nhen usirtg a non-crystalline material (such as glass) for the substrate, and when the chan- 
nels are chemically wet etched, an isotropic etch occurs, /.a, the glass etches unifomily in all directions, and the 
resulting channel geometry is trapezoidal. The trapezoidal cross section is due to *underciitt^g* by the chemical etching 
process at the edge of the photoresist, in one enr4x>diment, the channel cross section of the illustrated embodiment 
has dimensions of 52 |im in depth. 57 |im in width at the top and 45 fun In width at the bottom. In another embodbnent. 
the channel has a depth *d* of lO^un. an i^jper width "wl" of 90|im, and a lower width *w2" of TOyan, 
[0032] An important aspect of the prssenl invention is the controlled etectmkinetic transportatbn of materials through 
the channel system 24. Stich controlled etectroldnetic transport can be used to cSspense a selected amount Gi material 
from one of the resenff>ir5 throi^h one or more intersections of the channel stnicture 24. Afternatively, as noted above, 
selected amounts of materials from two reservoirs can be transported to an Intersection where the materials can be 
mixed in desired concentratibrts. 

Gated Dispenser 

[0033] Shown m Rgure 3 is a labofatory component 1QA that can be used to implement a prefenred method of 
transporting materials throu^ a channel structure 24A. The A following each number h figure 3 indicates that ft 
corresponds to an analogous element of Figura 1 of the same number without the A. For simplictty, the etedrodes and 
the connections to the voltage controller that controls the transport of materials through the channel system 24A are 
not shown in Rgure 3. 

[0034] The microchp laboratory system 1 0A shown in Rgure 3 controls the an»unt of material from the first reservoir 
1 2A transported through the intersection 40A toward the fourth reservoir 20A by etectroldnetk^ily opening and dosing 
access to the intersedion 40A from the first channel 26A As such, the laboratory microchip system 10A essentially 
in^lements a controlled eiectrokinetic valve. Such an etectroldnetic valve can be used as a dispenser to dispense 
seleded volumes of a single material or as a mixer to mbc selected volumes of plwal materials n the intersection 40A. 
in general, eledroK>smosis is used to transport *flutd materials" and electrophoresis is used to transport ions v^out 
transporting the fluid material surroundino the ions. Accordingly, as used herein, the temi '^rfateriaT is used bioacfly to 
cover any f onrn of material, induding ffailds and Ions. 

[0035] The teboratory system 1 0A provides a continuous undiredional flow of fluid through the separation channel 
34A. This injedion or dispensing scheme only requires that the voltage be changed or removed from one (or two) 
reservoirs and ailows the fourth resenfoir 20A to rennain at ground potenttaL This will aBow injedion and separation to 
be performed ¥nth a single polarity power supply. 

[0036] An enlarged view of the intersection 40A is shown in Rgure 4. The cfirecdonal anrows indicate the time se- 
quence of the Row profiles at the intersedion 40A. The solid arrows show the Initial flow pattem. Voltages at the various 
reservoirs are adjusted to obtain the deserted flow patterns. The irutial flow pattern bifrigs a second material from the 
second resenfoir 1GA at a suffident rate such that att of the first material transported from reservoir 12Ato the ffiter- 
section 40A is pushed toward the tfwd reservoir 1 8A. In general, the poterdial distribution will be such that the highest 
potential is in me second reservdr 16A. a slightly lower potemial in the first reservoir 12^^ 

the third reservoir lOA, with the fourth reservoir 20A being grounded. Underlhese condUons. the flow toward^ the 
fourth rseervov^ 20A Is solely the second material from the second reservoir 1 GA. 

[0037] To (fiqpense material from the first reservoir 12A through the Intersedion 40A. the potential at the second 
reservoir 1 6A can be swftched to a value tese than the potential of the first reservoir 1 2A or the pc^entials at reservoirs 
16A and/or 18A. can be floated morr^tardy to provide the flow shown by the short dashed arrows in Rgure 4. Under 
these conditions, the primary flow wBI be from the first reservoir 12A down towards the separation channel waste 
reservoir 20A. The flow from the second and third reservoire 16A. ISA will be smaB and could be in either direction, 
TMs condition is held long enough to transport a desired amount of material from the first resenroir 1 2A fhrou^ the 
Intersection 40A and into the separation channel 34A. After sufficient mne for the desired material to pass through the 
intersection 4QA, the voftage distribution is switched back to the original values to pnsvent adcmional material from the 
flr^ reservoir 12A from fkMwing through the intersection 40A toward the separation channel 34A. 
[0038] One application of such a 'gated dlspenGei' is to tnjed a controlled, vari^le-sized plug of analyte from the 
first resenroir 1 2A for eledrophoretic or chromatographic separation in the separation channel 34A. In such a system, 
the ftrstresenroirlZA stores analyte, the second reservoir lOA stores an ionic buffer, the third reservoir 18A Is a fIrBt 
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waste reservoir and the fourth reservoir 20A Is a second waste reservoir. To Inject a smalJ variable plug of analyte from 
the first reservoir 12A, the potentials at the buffer and first waste reservoirs 16A, 18A are ssnply floated for a short 
period of time (= 100 ms) to allow the analyte to migrate down the separation colunnn 34A. To break oil the Injection 
plug, the potentials at the buffer reservoir 1 GA and tfie fir^ waste reseivon' 1 8A are reapplied. Attemativeljr. the valving 
5 sequence could be effected by brining reservofrs 1 6A and 18A to the potential of the intersection 40A and then re- 
turning them to their original potentials. A shortfall of this method is that the composition of the injected plug has an 
electrophoretic mobility bias whereby the faster migrating compounds are introduced preferentlayy Into ttm separation 
column 34A over slower migmt^g compounds. 

[0039] In Figure 5. a sequential view of a plug of analyte moving through the intersection of the Figure 3 emtx>dffnent 
10 can be seen by CCD in^ages The analyte being pumped through the laboratory system 1 0A was rhodamine B (shaded 
area), and the orientation of the CCD images of the Injection cross or intersection Is the same as in Rgure 3. The first 
image, (A), shows the analyte being pumped through tfie injection cross or intersection toward the first waste reservoir 
18A prior to ttie frijection. The second Image, (B). sfiows the analyte plug being injected Into the separation column 
34A. The third image, (C). depicts the analyte plug moving away from the injection intersection after an ejection pkxg 
19 has been completely introduced into the separation colunvi 34A. The potentials at the Injffer and first waste reservoirs 
16A, 1 8A were floated for 100 ms while the sample moved into the separation column 34A. By the tnme of the (C) 
image, the closed gate mode has resumed to stop furtfier analyte from moving through the intersection 40A Into the 
separation column 34A, and a dean injection plug with a length of 142 ^lp has tieen introduced into ttw separation 
column. As (fiscussed t)eiow, the gated injector contnlsutes to only a minor fraction of the total plate height The Injection 
^ plug length (volume) Is a function of the time of the injection and the electric Held strength m the column. The shape 
of the injected plug is sitewed slightly because of the directionality of the cleaving buffer flow. However, for a given 
injection period, the reproductbilSy of the amount injected, detemtined bf integrating the peeic area, is 1% RSD for a 
series of 10 replicate Injections. 

(0040] Electrophoresis experiments were conducted using tfie microchip laboratory system 1QA of Figure 3, and 

25 employed metf>odology according to tfie present Invention. Chip dynamks were analyzed using analyte fluorescenoe. 
A charge coupled device (CCD) camera was used to monftor designated areas of the chip and a pfK>tomuft9>lier tut>e 
(PMT) tracked single point events. The CCD (Princeton Instruments, Inc. TE/CCD-512TKM) camera was mounted on 
a stereo microscope (Nikon SMZ>U), and the l^oratory system IDA was illuminated using an argon ton laser (514.5 
nm. Coherent Innova 90) operatir^ at 3 W with the beam expanded to a circular spot = 2 cm in diameter. The PMX 

30 with coSection optics, was situated t>ek>w the rr^ochp with the optical axis perpendkxdar to the mjcrochip surface. 
The laser was operated at approximately 20 mW, and the beam imping^ upon the mk^ochip at a 45* angle from the 
microch^ surface and parallel to the separation chanriel. The laser beam and PMT observation axis were separated 
by a 135* angle. The pwit detectkm scheme cn^>loycd a helium-neon laser (543 nm, PMS Electro-optics LhlGP-0051) 
with an etectiometer (Kefthley 61 7) to monitor response of the PMT (Oriel 77340). The voltage controller 46 (Spedman 

^ CZE 1 0OOR) for electrophoresis was operated twtween 0 and 44.4 kV relative to ground. 

{0041 1 The type of gated injector descritied with respect to Rgures 3 and 4 show electrophoretk: mobifity t>ased bias 
as do conventtonal electroosmotic InjectJons. Nonetheless, this approach has simpfidty in voltage switching require- 
ments and fatxication and provides continuous unidirectional flow through the sep^tion charmeL In addition, the 
gated injector provides a method for vahmig a variabte volume of fluki into the separatk>n channel 34A in a manner 

^ that is predsefy controlled t>y the electrk:al potentials appled. 

[0042] Another appficatk>n of the gated dispense 1 0A is to dikite or mix desired quantities of nnaterials in a controlled 
manner. To implement such a mixing scfieme \n order to mix the materials from the first and second reservoirs 12A. 
16A» the potentials in the first and second channels 26A, 30A need to t>e maintained Ngher than the potential of the 
intersection 40A during mixing. Such potentials will cause the materials from ttie first and second reservoirs 1 2A and 

^ 16A to simuHaneously move through the intersection 40A and tiiereby mbc tfie two materials. The potentials applied 
at tfie first and second reservoirs 12A, 1 6A can k>e adjusted as desired to achieve the selected concentration of each 
material. After cfispensing the desired amounts of each material, the potential at the second reservoir 16A may be 
increased in a manner sufTctent to prevent furttier material from the firat reseivo^ 12A from t)elng tran^rted through 
the mtersection 40A toward the third reservoir 3QA. 

50 

Analyte Injector 

[0043] Shown In Figure 6 is a mcroch^ analyte Injector 1 OB according to the present invention. The cfiannel pattern 
24B haa four distinct channels 26B, 30B. 32B. and 348 mk:romachined into a substrate 48 as discussed atx>ve. Each 
S5 channel has an aooompanying resenmir mounted above ttie temtinua of each channel portion, and all lour channeb 
intersect at one end in a four way intersection 40B. The opposite ends of each section provMe temUnI that extend Just 
beyond the peripheral edge of a cover plate 49^ mounted on the substrate 49. The analyte injector 108 sirawn In Fi^e 
6 is &ul)standally identical to the gated dispenser 10A except tfiat the electrical potentials are applied in a manner tftat 
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injects a volume of material from reservoir 16% through the intersecdon 40B rather than from the reservoir 12B and 
the volume of material injected is controlled by the size of the intersection. 

[0044] The emt>odiment shown in Figure 6 can be used for various material man^ulations. In one application, the 
lBt>ora]ory system Is used to in ed an analyte from an analyte reservoir 16B through the intersection 40B for separation 
in the separatbn channel 34B. The analytelrqectorlOBcto 1)0 opermedin either 1^ 

168 is supplied with an analyte and reservoir 128 with btiffer. Reservoir IBB acts as an analyte waste reservoir, and 
reservoir 208 ads as a waste reservoir. 

[0045] In the "loacf mode, at ieast two types of analyte introduction are possible. In ttie first, known as a "floating* 
loading, a potential is applied to the analyte reservoir 168 with reservoir 188 grounded. At the same tffne, reservoirs 
12B and 20B are floating, n^ning that they are neither coupled to the poww source, nor grounded. 
[0046] The second load mode is "pinchecf* loadng nu>de, wherein potentials are simultaneously applied at resen^olrs 
128, 168, and 208, with reservoir 188 grounded in order to control the li^ecdon plug shape as discussed In more ddail 
below. As used herein, simultaneously controlling electrical poientials at plural reservoirs means that the electrodes 
are connected to a operating power source at the same chemically significant time period. Floating a reservoir means 
disconnecting the electrode in the reservoir from the power source and thus the electrical potential at the reservoir is 
not controlled. 

[0047] In the "run' nru>de, a potential is applied to the buffer reservoir 12B with mservoir 208 grounded and wth 
reservoirs 16B and 18B at approximately half of the potential of reservoir 128. During the nin rrxKie, the relatively h^h 
potential applied to the buffer reservoir 128 causes the anafyte in the intersection 408 to move toward the waste 
reservoir 208 in the separation column 348. 

[0048] Diagnostic experiments were perfonned using fhodamine 8 and sulfoihodamind 1 01 (Exctton Chemical Co., 
Inc.) as the analyte at 60 pM for the CCD images and 6 |lM for the poirtf detection. A sodium tetraborate buffer (50 
mM, pH 9.2) was the mobile phase In the experiments. An injection of spatially well defiried small volume 100 pL) 
and of snudi tongitudinai extent (s 100 |im), injection is benefictal when performing these types of analyses. 
[0049] The analyte is loaded Into the injection cross as a frontal electropherogram, and onceihe hront of the slowest 
analyte component passes through the injection cross or intersection 408. the analyte is ready to be analyzed. In 
Rgure 7, a CCD Image (the area of which is denoted by the broken line square) displays the flow pattern of the analyte 
54 (shaded area) and the buffer (white area) through the re^n of the injectbn intersection 408. 
[0050] By pinching the flow of the analyte. the voliffne of the analyte plug is stable over time. The sii^t asymm^ry 
of the plug shape b due to the different electric field strengtfis In the buffer channel 268 (470 V/cm) and the separation 
channel 34B (100 V/cm) when 1.0 kV is applied to the buffer, the analyte and the waste reservoirs, and the analyte 
waste reservoir is grounded. However, the different fieki strong^ do not influence the stability of the analyte plug 
Injected. Ideally, when the analyte plug Is in^ed into the separation channel 348. only the analyte In the Injectkm 
cross or intersection 408 would migraXe into the separation channel 

110051] The volume of the irtjectlon plug In the ir){ection cross is approxlmalely 120 pL wfth a plug length oTIdO pm. 
A portion of the analyte 54 in the analyte channel 308 and the analyte waste channel 323 is drawn into the separation 
channel 348. Followf ng the switch to the separatkm (run) mode, th6 volume of the mjecdon plug is epproxfrnately 250 
pL with a plug length of 208 ^m. These dffr>en8k>ns are estvnated from a series of CCD images taken immediately 
after the switch is made to the separation mode. 

[0052] The two modes of loading were tested for the analyse intro<^iction into the separation channel 348. The 
analyte was placed In the analyte reservoa^ 168, and in both injection schemes was Iransported" In the direction of 
reservoir 1 88. a waste reservoir. CCD images of the two types of injections are depicted in Figures 8{b)-8(c). Rgure 
8(a) schematcally shows the intersection 408, as weO as the end portions of channels. 

[0053] The CCD image of Figure 8(b) Is of loaffing in the pinched mode. Just prior to t>elng switched to the run mode. 
In the pinched mode, analyte (shown as white against the dark background) is pumped electrophor^lcally and eleo- 
troosmotically from reseiyoir 1 68 to reservmr 1 88 (left to r^M) with buffer Irorn the buffer reservoir 128 (top) and the 
waste resefvolr20B (bottom) traveling toward reservoir 188 (right). The voltages applied to mservoirs 128. 16B/18D, 
and 208 were 90%. 90%, 0, and 100%, respectively, of the power suf^ly output whk^h correspond to electric fiekJ 
strengtfis in the corresponding channels of 400, 270. 690 end 20 V/cm, respectively. Although the voftage c^jplied to 
the waste resenroir 203 Is higher than voltage applied to the analyte resenn>lr 18B. the additional length of the sepa- 
ration channel 348 corr^ared to the analyte cfiannel 308 provWes additional etectricai resistance, and thus the flow 
from the analyte buffer 168 into the intersection predominates. Consequently, the armlyte in the li^oction cross or 
intersection 408 has a trapezoidal shape and is spatially constricted In the channel 328 tiy tlUs material transport 
pattern. 

(0054| RgureB(c)show8afloBtingmode blading. TheanaM^ispumpedfromrBsev^ 

injection except no potential Is ^jpM to reservotrs 128 and 20B. By not controlling the fkyw of mobBe phase (buffer) 
In channel porttons 26B and 348. the analyte Is free to expand into these channels through convective and diffusive 
ffow, theretiy resulting in an extended inject plug. 
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[00551 When comparing the pinched and floating injections, tte pinched injection is su|>ci1or in three areas: temporal 
stability of the injected volume, the precision of the Injected volume, and plug length. When two or more analytes with 
vastly different mobilities are to be analyzed, an injection wfth temporal stabilily insures that equal volumes of the faster 
and slower moving analytGS aro Introduced into the separation coKimn or channel 34B. Ihe high reprocftjca>iBty of the 

5 injection volume facifitates the ability to perf omi quantitative analysis. A smaller phig length leads to a higher separation 
efficiency and, consequently, to a greater component capacity for a given instrument and to higher speed separations. 
(00561 detemnine the temporal stabaity of each mode, a series of CCD fluorescence images were collected at 1 .5 
second Intervals starting Just prior to the analyte reaching the injection intersection 40B. An est rn ate of the anmunt of 
anafyte that is injected was determined by integrating the fluorescence In the Intersection 40B and channels 268 and 

ro 346. This fluorescence is plotted versus time in Figure 9. 

[Q0S7] For the pir)ched injection, the injected volurr^e statMlizes in a few seconds and has a stability of 1% relative 
standard deviation (RSD), which is comparable to the stability of the Oluminating laser. For the floating injection, the 
amount analyte to be injected into the sef>aiation channel 34B Increases with t^ 

of anaJyte into channeb 268 and 348. For a 30 second injection, the volume of the Injection plug is ca. 90 pL and 
15 stable for the pinched Injection versus ca. 300 pL and continuously increasing with time for a floating injection. 

[0058] By monilorf ng the separation channel at a point 0.9 cm from the intersection 40B, the reprodudbiily for the 
pinched injection mode was tested by integrating the area of the band proTtle following htroduction into me separation 
channel 348. For six injections with a duration of 40 seconds, the reprodudbitity for the pinched injection is 0.7% HSO. 
Most <^ this measured instability is from the optical measurement systemi The pinched injection has a higher repro- 
so ductbOity because of the ten^ral stability of the volume injected. With etectronlcaOy oonirolied voltage switching, the 
RSO is expected to improve for both schemes. 

[0059J The injection plug width and, ultimately, the resolution behween analytes depends largely on both the flow 
pattern of the analyte and the dsnensions of the Injection cross or Intersection 408. For this colunrn, the width of the 
channel at the top is 90 |im, but a channel width of 10 |mi Is feasi)le which would lead to a decrease in the volume of 

^ the Injection plug from 90 pL down to 1 pL with a pinched Injection. 

[0060] There are s&uaUortt where It may not be desirable to reverse the flow in the separation channel as described 
above for the •pinched" arKi ■floating injection schemes. Examples of such cases might be the Injection of a new 
sample plug before the preceding plug has tieen completely eiuted or the use of a post-coiumn reactor where reagent 
is continuously being In^ed Into the end <^ the separation colurtn. in the latter case, It would in general not be 

00 desirable to have the reagent flowing beck up Into the separation channel. 

Alternate Analyte Injector 

[0061] Figure 1 0 illustrates an alternate analyte injector system IOC having six d^erent ports or channels 2GC, 30C, 
39 32C, 34C. 56» and 58 respectively connected to six different resereolis 12C, 1 6C, 1 8C. 20C, 00, and 62. The letter C 
after each element number indicates that the incficated elemem is analogous to a corresponcfingly numbered elements 
of Rgure 1. The ntooch^ laboratory system IOC Is s&nSarto laboratory systems 10. 10A. and 108 described previ- 
ously, in that an kijection cross or intersection 40C is provided, in the Figure 1 0 embodinent, a second intersection 64 
and two additional reservoirs 60 and 62 are also provided to overcorrw the prDt)}ems with reversing the flow In the 
^ separation channel 

[0062] Like the previous embodiments, the analyte injector systOTi 1 0C can be used to lrr?)lement an analyte sep- 
artf k>n by eiectrophoresss or chromatography or dispense material into some other processing element In the labo- 
ratory system IOC, the reservoir 12C contains separating buffer, reservoir 16C contains the analyte, and reservoirs 
18C and 20G are waste reservoirs. Intersectkm 40C preferably Is operated in the pinched mode as in the eritedsnent 

45 shown in Rgure 6. The lower intersection 64, in fluid communicalion with reservoirs 60 and 82, are used to provide 
additk>nal flow so that a continuous buffer stream can be directed down towards the waste reseivoir 20C and, when 
needed, upwards toward the injection intersectkm 40C. Reservoir 60 and attached channel 56 are not necessary, 
although they improve perfomiance by redudng band broadening as a plug passes ttie lower intersection 64. In many 
cases, the ftow from reservoir 60 will t>e syrrvnetrk: with that from reservoir 62. 

so [0063] Figure 11 Is an enlarged view of the two intersections 40C and 64. The different types of anows show the 
flow directiorts at ghren instances in time for Ejection of a plug of analyte Into the separotlon channel. The solid arrows 
show the initial ftow pattern where the analyte is electrokmetcally pumped into ttie upper intersectk>n 40C and "pinched* 
by material flow from reservoirs 12C, 60, and 62 toward thte same intersectbn. Flow away from the lnjectk)n intersectkm 
40C is carried to the analyte waste reservoir 18C. The analyte is aisoftowing from the reservoir 16C to the analyte 

S5 wastereservoir18C.UndertheseGoncfitions,flowfrDmreseivDir60(andrBser^ 

channel 34C to the waste reservoir 20C. Such a fk>w p^m is created by simultaneously controDing the electrtoal 
potentials at aH six reservoirs. 

IQOB^ A plug of the analyte is injected through the ir)Jectionintef8eclion40Cn^ 
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. s¥wlchhg to the flow profae shown by the short dashed arrows. Buffer flows <town from reservoir 12C to the frijection 
intersection 40C and towards fesenrotis 16C. 18C. and 20C. This flow profile also pushes the analyte plug toward 
waste reservoir 20C info the separation channel 34C as descrbed t)efore. This flow pn>nto Is held for a sulficiem length 
of time so as to move the analyte phig past the lower intersection 64. The flow of buffer from reservoirs 60 and 62 

5 should be low as bidlcated by the short arrow end into the separation channel 34C to minimize distortion. 

[(K)85] The distance between the upper and lower interse^ns 40C and 64. respectively, should be as small as 
possible to minimize plug cfistortion and critical^ of timing in the switching between the two flow conditions. Electrodes 
for sensing the dectrical potential may also be placed at ttte lower intersection and in the channela 56 and 58 to assist 
In adjusting the electrical potentials for proper flow control. Accurate flow control at the lower Nersedion 64 may be 

to necessary to prevent undeslred band broadening. 

[0066] After the san^le plug passes tt»e lower intersection, the potentials are switched back to the inlUa) conditions 
to ghre the original flow profile as shown wth the long dashed arrows. This flow pattern will allow buffer Row into the 
separation channel 34C while the next analyte plug Is being transported to the plug torni^g region in the upper Inter- 
section 40C. This injection scheme wOl allow a rapid succession of Injections to be made and be very important 

'5 for samples that are slow to m^rate or if ft takes a long time to achieve a homogeneous sample at the upper intersectkm 
40C such as wfth entangled polymer solutions. This inr^ementatkm of the pinched injection also matntatns unkfirec- 
tional f k>w through the separation channel as might be recipjired for a postHX>lunrm reaction as <fiscussed bekyw with 
respect to Figure 22. 

20 Serpentine Channel 

[0067] Another embodiment of the invention is the modified analyte injector system 10D shown In Rgure 12. The 
laboratory system 10D shown In Figure 12 is substantially identnal to the laboratory system 10B shown in Figure 6, 
except that the separalkm channel 34D foltows a serpentine path. The serpentine palh of the 5eparatk>n channel 34D 

25 altows the length of the separation ctiannel to be greatly increased without substanddly Increasing the area of the 
suk)8trale 49D needed to implerrtent the serpentine psXh. Increasing the length of the separatkm channel 340 increases 
the ability the laboratory systan 1 0D to distinguish elements of an analyte. In one particularly prefened embodiment, 
the enckksed length (that whk:h ts covered by the cover plate 490^ of the channels extencfing from reeenroir 16D to 
reservoir 1 BD is 1 9 mm, while the length of channel portfon 2€D Is 6.4 mm and channel 340 is 1 71 mm. The turn radius 

30 of each turn of the channel 34D. whfeh senres as a separatx>n column, is 0.1 6 mm. 

[0068] To perfonm a separatton using the mocSned analyte injector system 100, an analyte is first loaded into the 
injectk)n inter8e<^on 400 using one of the loading methods descr3>ed above. After the analyte has been loaded Into 
the Intersection 40O of the mkrochip laboratory system 1 0, the voltages are manually switched from the loading mode 
to the run (separatkxi) mode of operaUon. Rgures 13<a)-13(e) iHustmte a separation of rbodamine B (less retained) 

35 and sulfbrtM>damlne (more retained) using the following condilfons: V»400 V/cm» = 150 V/cm» buffer » 50 mM 
socfium tetraborate at pH 92. The CCD inages demonstrate the separation process at 1 second intervals, wfth Figure 
13(a} showing a schemata of the section of the chip imaged, end with Figures 13{b)*13(e) showing the separatton 
unfold. 

[0069] Figure 13(b) again shows the pinched injection with the appGed voltages at reservoirs 120. 160. and 200 

40 equal and reservoir 1 80 grounded. Rgures 1 3(c)-1 3(e) shows ttie plug moving away from the intersection at 1 , 2. and 
3 seconds, respectively, after switching to the run mode. In Rgure 13(c). the injection plug is migrating around a 90* 
turn, and l>and distortbn is vist>te due to the inner portion of the plug travelng less distance than the outer podion. By 
Rgure 13(d), the analytes fiave separated into distinct bends, whk:h are distorted in the shape of a parallelogram. In 
Rgure 13(e). the bands are well separated and have attained a nxNre rectangular shape. Lb., ooOapsb^ of the paral- 

45 letogram, due to radial (Huston, an addttional contrftxitfon to ^lency lose. 

[0070] When the swibdi is made from the bad mode to the run mode, a dean break of the vijectton plug from the 
analyte stream Is desired to avokt taiQng. This is achieved liy pumping the mobDe ^Aase or buffer from channel 26D 
intochannel830O,32O.and34O8knuRaneously by maintaining the poteritiaimtheimefsecti 
of resenrair 12D and ^wve the potentate of reservoirs 160. 180, and 200. 

50 [0071 ] In the representative e)q>erfments described herein. The intersectton 400 was maintained at 66% of the po- 
tential of resenwir 120 during the run mode. This provkJed sufTident ftow of the analyte back away from the Injectton 
intersection 400 down channels 300 and 320 without decreasing the fieM strength in the separatk^n channel 340 
sign^cantty. ARemate channel designs wouki altow a greater fractk>n of the potential applied at reservoir 120 to be 
dropped across the separation channel 340, theretiy improving eTidency. 

55 [0072] Thislhreewayftowlsdemonstratedin Figures 13(cH3(e)astheanalytesfrichannels30Da^ 

right, respectively) move further away f^ the Intersection wltii time. Three way flow permits welKdeflned. reprodudble 
injections wlh minimal bleed of the ar»lyte into tiie separatkm channel 340. 
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Detectors 

[0073] In most applications enveaged for these trrtegrated microsystems for chemical analysis or synthesis I wiR be 
necessary to quanti^ the nnaierial present in a channel at one or more positk>r)3 similar to conventional laboratory 

9 measurement processes. Techniques typically utiSzed for quantification hdude, but are not Bmited to» optical absort>- 
ance, refrBcHve index changes, fluorescence emissbn, chermlumtnesoence, various forma of Raman spectroscopyi 
electrical conductometric measurements, eiectrochemical amperlometric measurements, acoustic wave propagation 
measurements. 

[0074] Optical absort)cnco rrteasurements are commonly employed with oonventfonoi tedtwratory analysis systems 

10 because of the generality of the phenomenon in the UV portion of the elec^omagnetic spectrum. Optical at>sorbence 
is commonly determined t>y measuring the attenuation of impinging optical power as it passes through a known length 
of material to t>e quantified. Alternative appro^hes ere possible with laser technology including photo acoustic and 
photo thermal techniques. Such measurements can be utilized with the microchip technology discussed here with the 
additional advantage of potentially Integrating optical wave guides on microf^vicated devices. The use of solid-state 

IS optical sources such as LEDs and diode lasers and without frequency conversion elements would be attractive 
for recktction of system size. Integmtton of solid state optical source and detector technology onto a ch^ does not 
presently af^^ear viable but may one day be of Interest. 

[0075] Refractive hdex detectors have also been commonly used for quantif ication of flowing stream chemical anal- 
ysis systems because of generalSy of the phenomenon but have typically been less sensitive than optical at>sorption. 

^ Laser based implementations of retractive index detection could provide adequate sensitivity in some srtuatiorts and 
have advantages of simplicity. Ruorescertce emission (or fluorescence detection) is an extremely sensitive detection 
technique cmd is corrvnonly employed for the analysts of biologtcal materials. This approach to detection has much 
relevance to miniature chemical analysis and syntliesis devices because of the sensitivity of the technique and the 
small volumes that can be manipulated and analyzed (volumes in the piootfter range are feasltsle). For example, a 1 00 

25 pL sample volume wfthi nM concentration of arialytB wouM have only 60,000 analyte inolecufes to be process^ 

detected. Tliere are several demonstrations in the literature of delecting a single molecule in solution lyy fluorescence 
detection. A laser source Is often used as the excitation source for ultrasensitive measurements but conventional light 
sources such as rare gas discharge lamps and light emitting diodes (LEE>s) are also used. The fhiorescence enrHsslon 
can t>e detected by a photomult^lier tube, photodiode or other light sensor An array detector such as a charge coupled 

30 device (CCD) detector can t>e used to Gmage an anatyte spatial distrtiutbn. 

fpOTB] Raman spectroscopy can be used as a detection method for microchip devices wtth the advantage of gaining 
molecular v&rational inf onmation, tMit with the disadvantage of relatively poor sensitivity. Sensitivity has been iricreased 
through surface enhanced Raman spectroscopy (SERS) effects t>ut only at the research level. Electrical or electro- 
c^iemical detection approaches are also of part cular Interest for Implementation on nntcroch^p devices due to the ease 

35 ofiritegrationontDamicrDfabricatedstructureandthepoteritiallyhiglhsensI^ 

approach to electrical quantification is a conductometric measurement, Le., a measurement of the conductivfty of an 
Ionic sample. The presence of an tordzed analyte can oorrespondhgty fancrease the oonductivtty of a fluid and thus 
allow quantification. Amperiometric measurements knply the measurement of the current through an electrode at a 
given electrical potential due to the reduction or oxidation of a molecule at the electrode. Some selectivity can be 

40 obtained by controlling the potential of the electrode t>ut It is minimal. Amperk»netric detection ts a less ^neral tech- 
nique than conductive because not all molecules can t>e reduced or oxidized within the lilted potentials that can be 
used with comrTx>n solvents. Sensitivities in the 1 nM range have been demonstrated tn small volumes (10 nL). The 
other advantage of this technique Is that the number of electrons measured (through the current) Is equal to the number 
of molecutes present The electrodes required for either of these detection metfiods can be Muded on a nrscrofabri- 

^ cated device through a photolfthographic patterning and rnetal deposition process. Electr^^ 

initiate a chentfluminescence detection process. Le., an excited state molecule is generated via an oxidatiorhreductlon 
process which then transfers Its energy to an analyte molecule, subsequently emitting a ptioton that Is d^ected. 
ID077) Acoustic measuroments can also be used for quantification of materials but have not been widely used to 
date. One method that has l>een used prinriarily for gas phase detection is the attenuation or phase shift erf a surface 

50 acoustic wave (SAW). Adsorption of material to the surface of a substrate where a SAW is propagating affects the 
propagation characteristics and allows a concentration determination. Selective sort)ents on the surface of the SMN 
device are often used. Similar techniques may bo useful In the devices descrtsed herein. 

[0078] The mixing capabtRties of the microch^ laboratory systems descrbed herein lend themselves to detection 
processes that iru^lude the addition of one orntore reagents. Derivattzation reactions are commonly used in biochemicai 
55 assays. For example, amino adds, peptides and proteins are commonly lat>eled with dansyiating reagents or o-phthal- 
cSaldehyde to produce fluorescent molecules that are easily detectable. Altemaih^, an enzyme oouM be used as a 
lat>eling molecule and reagents. Including substrate, could be added to provide an enzyme ampllRed detection scheme, 
/.a. ttie enzyme produces a detectable product There are many exemples where such an approach has been used 
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In conventional laboratory procedures to enhance detection, either by absort)ence or fluorescence. A third example of 
a detection method that could benefit from kitegrated mixing methods is chemituminescenca detection. In these types 
of detection scenarios, a reagent and a catalyst are mixed with an appropriate target motecule to produce an excited 
state molecule that emits a detectable photon. 

Analyte Stacking 

[0079] To enhance the sensitivity of the microchip laboratory system 1 0D. an ar»tyte proK^ncentration can be per- 
formed prior to the separation. Concentration enhancement is a vatuable tool espedaDy when analyzing environmental 
samples and blologk^l materials, two areas targeted by microch^ technology. Analyte stacking is a convenient tech- 
nif^ue to Incorporate with electrophoretic analyses. To employ analyte stacking, the analyte is prepared in a buffer w3h 
a lower conductivily than the separation buffer. The difference in oonducth% causes the ions In the analyte to stack 
at the tieginning or end of the analyte plug, thereby resulting in' a concer^ated analyte plug portion that is detected 
more easily. More elaborate preooncenlration techniques Include two and three buffer systems. Le., transient isota- 
chophorelic preconcentralton. It will be evident ttiat the greater the numt)er of solutk>hs Involved, the more difficutt the 
injection technique is to implerr^t. Pre-concentration steps are weU suited for inplemantation on a microc^p. Eleo- 
troosmotically drtven ftow enables separatiori and sample buffers to be corUroUed without the use of vah/es or pumps. 
Low dead volume connectk>ns t>etween channels can be easily fat>ricated enabling fluid manipulation wKh high preci- 
sion, speed and reproducibiiity. 

{0080] Referring again to Figure 12. the pre-concentratbn of the analyte is performed at the top of the separaXk>n 
clKinnel 34D using a modited gated inje^ion to stack the analyte. First, an analyte plug is introduced onto the separatkm 
cfiannel 34D using electroosmotic fk>w. The analyte phig Is then folk)wed by more separation buffer from the buffer 
reservoir 16D. At this point, the analyte stadcs at the Ixxindaifes erf the analyte and separation tHJffers. Dansylated 
amino acids were used as the analyte. whk:h are ank>ns Ifiat stack at the rear Iwundary of the analyte buffer plug. 
Inr^ementation of the analyte slacking is descrt)ed along with the effects of the stacking on both the separetion effi- 
ciertcy and detectk>n limits. 

[(KI81] To employ a gated Injection using the nucrochip laboratory system 1 00, the analyte is stored in the top reservoir 
12D and the buff^ is stored in tho left reservoir 16D. The gated Injection used for the analyte stacking is perfomned 
on an analyte having an k>nic stren^h ttiat is less than that of the running buffer. Buffer is transported by electroosniosls 
from the t>uffer reservoir 16D towards tioth the analyte waste and waste reservoirs 160, 20D. This buffer stream pre- 
vents the analyte from bleeding Into the separatk>n channel 340. Within a representative eml>odiment. the relathre 
potentials at the buffer, analyte. analyte waste and waste resenfoirs are 1 . 0.9, 0.7 and 0. respectively. For 1 kV applied 
to the microchip, the field strengths in the buffer, analyte, analyte waste, arui separation channels during the soparatkm 
are 170, 130, 180. and 120 V/cm, respectively. 

[0082] To Inject the analyte onto tfie separalkm channel 34D, tfie p<^ntlal at the imtor reservoir 16D is ffc>ated 
(opening of ttie high voltage swteh) for a t>rief perkxl of time (0.1 to 1 0 s), and analyte migrates into tfie separation 
channel. For IkV applied to the mbrochlp. the field strengths in the buffer, sample, sample waste, and separation 
channels during the vtjection are 0, 240, 120, ar^j 110 V/cm, respecthfely. To break off the analyte plug, the potential 
at the buffer reservoir 1 60 is reapplied (ctosing of a high voltage switch). The volume of the analyte plug is a function 
of the injection time, electrie fiekJ strength, and electrophoretk; mobiiity. 

[00831 The separation buffer and analyte conposltkms can be quite different, yet with tfie gated injections ttie Integrity 
of t>oth the analyte and buffer streams can k>e alternately maintained in the separation channel 340 to perfomi the 
stacking operatton. The analyte stacking depends on tfie relative conducth/ity of the separatk>n buffer to analyte, y. For 
example, with a 5 mM separatkm tniffer and a 0.516 mM sample (0.016 mM dansyMysine and 0.5 mM sample buffer), 
y Is equal to 9.7. Figure 14 shows two injeclton profiles for didansyhlyslne injected for 2 s with y equal to 0.97 and 9.7. 
The injectkm profile with y= 0.97 (ttie separation and sample tniffers are txMh 5 mM) shows no stacking. The second 
profDe with j s 9.7 shows a nKxIest enhancement of 35 for relative peak heights over the injectkm with y 0.97. 
Dkjan8yt4ysine is an ank>n. and thus stacks at the rear boundary of the sample tnjffer plug. In additk>n to irtcreasing 
the analyte concentration, the spatial extent of the pkig is confined. The kijectkm profile with y ^ 9.7 has a wkjth at 
half-height of 0.41 s, whOe the injectk»n prof9e wth y = 0.97 has a width at halt-height of 1.88 s. The electric fieM 
strength in the separation channel 34D during the injectbn (injectk>n field strength) is 95% of the electrk; field strength 
in the separation channel during the separBtk>n (separation fieki strength). These profiles are measured while the 
separation fieM strength is applied. For an Ir^ecdon time of 2 s. an lnjectk>n plug width of 1 3 s is expected fory= 0.97. 
[0064] The concentratkm enhancement due to stacking was evaluated for several sample plug lengths and relative 
corKiuctfvities of the separatbn buffer and analyte. The enhancement due to stacking increases with increasing relative 
conductivities, y. in Table 1. the enhancement is fisted for gflnm 0.97 to 970. Although tfie enhancement Is largest 
when y 970. the separatton ^fkdency suffers due to an etedroosmotte pressure originating at the conoentratkm 
boundary when the relative conducthrity is too large. A compromise between the stacking enhancement and separation 
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^biency must be reached and r= lOhasbeenfoundtobeoptimat. R)r separations performed using stacked Injections 
with 7 s 97 and 970, dKlansyl-lys^e and dansyl-isoleucine could not be resoived due to a loss in efficiency. Also, 
because the injection process on the microchip is computer controiied, and the column is not physically transported 
from vial to vial, the reproducbility of the stacked injections is 2.1% rsd (percent relative standard deviation) for peak 
area for 6 replicate analyses. For comparison, the non-staclced. gated ejection has a 1 .4% rsd for peak area for 6 
r^lk:ate analyses, and the pirKhed Injection has a 0.75% rsd for peek area for 6 repBcate analyses. These correspond 
well to reported values for large-scale, commercial, automated capila/y eiectmphoresis instruments. However, injec- 
tions made on the mcrochlp are s 100 times smaiter in volume, e.g. 100 pL on the microchip versus 10 nL on a 
commercial instnffnent. 



Tat)ie1: 



Variation of stacking enhancement with relative conductivity, % 


y 


Concentration Enhancement 


0.97 


1 


9.7 


65 


97 


IIS 


970 


13.8 



[(K)&5] Buffer streams of different conductivities can be accurately comt»ned on microchips. Descri>ed herein is a 
s'ffVfAe stacking method, although more eiatx>rate stacking schemes can be empbyed by fatMicating a microchip with 
additk>nal buffer reservoirs. In addition, the leading and trailing electrolyte iMjffers can be selected to enhance the 
sample stacking, and ut6nately, to lower the detection limits beyond that demonstrated here. It is also noted that much 
larger enhancements are expected for inorgaivc (elemental) cations due to the combination of amplified anatyte 
Injectkm and b^r matching of analyte and buffer km motilities. 

[0086] Regardless of wheltier sample stacking k used, the microchip laboratory ^stem 100 of Figure 12 can t>e 
emptoyed to achieve electrophorectic separation of ar> analyte composed of rtiodamlne B and suffoftwdamine. Figure 
IS are clectrDpherograms at (a) 3.3 cm, (b) 9.9 cm, and (c) 16S cm from the point of injection for rhodamfne B (less 
retained) and sufforhoctemine (more retained). These were taken using the following condltk3ns: injection type was 
pinched, = 500V/cm, - 170 V/cm, tniffer > 50 mM sodkim tetrat>orate at plH 9.2. To obtain electiopherograms 
in the conventional manner, single point detection with the heliunvneon laser (green line) was used at diferent locatk>ns 
down the axis of tho separation channel 34D. 

[0087] An important measure of the utility of a s^)aration system Is the number of plates generated per unit time, 
as given by the formula 

Wt=L/(Hl) 

where N is the numt)er theoretk^al plates, t Is the separation time. L is the length of the separation column, and H is 
tfie he^ht equivalent to a theor^ical plate. The plate he^t, H. can be written as 

HzJU^u 

where A is the sum of the oontrtnitkms from the injection phig length and the detector path ler^, Bis equal to2PL 
whereOU is the i^uskm coeffidenl for the analyte in the buffer, and u lathe Pneervetodty ot the analyte. 
[0088] Corr^riing the two equations atx>ve and 8ut>8tttutlng u « |iE where |i is the effective dectrophoretk: mobifity 
of the anatyte arid E is the electric fieM strength, the plates per unit tirne can k>e e9q>ressed as a I 
ftekl strength: 

NM|AE)^/(AiiE+^ 

[0089] At kyw electnc fiekJ strengths when axial diffuston is the dominant fonn of band cfisperswn. the term A)iE is 
small relative to B and consequently, ttie numl»er of plates per second incteases with the square of the electric fiekt 
strength. 

[0090] As the electrfc flekl strength Increases, the plate helc^t approaches a constant vtiue, and the plates per unit 
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time Increases Gneaily with the electric fieW strength because B Is small relative to A^E. It is thus advantageous to 
have A as small as possible, a benefit of the pinched injection scheme. 

[0091] The efficiency of the electrophofectic separation of rhodamlne B and sulforhodamlne at ten evenly spaced 
positions was monitored, each constituting a separate experiment. At 1 6.5 cm from the point of injection, the efficiencies 

5 of ihodamine B and sulfortiodamine are 38,100 and 29,000 plates, respectively. Efficiencies of this ma^itude are 
sufficient for many separation applications. The linearity of the data provides information about the uniformity and 
quafity of the channel along its length, if a defect in the channel, e.g,, a teirge pft, was present, a sharp decrease In the 
efficiency would result; however, none was detected. Tfie efficiency data are plotted in Figure 1 6 (conditions for Figure 
16 were the same as for Figure 1 5). 

ro [0092] A svnilar separation experiment was performed using the microchp anafyte injector 1 0B of Figure 6. Because 
of the straight separation channel 34B. the anatyte Injector 1 0B enat)les faster separations than are possble using the 
serpentine separation channel 34D of the alternate analyte injector 10D shown in R^re 12. In addition, the electric 
field strertgths used were higher (470 V/on and 1 00 V/cm forthe buffer and separation channels 26B, 34B, respectively), 
which f urtfier increased the speed ol the separations. 

[0093] One particular advantage to the planar mtcroch^ laboratory system 1 0B of the present invention is that with 
laser indtxred fluorescence the point of detection can be placed anywhere along ttie separation cofumm The electro- 
pherograms are detected at separation lengths of 0.9 mm. 1.6 mm and 11.1 rrtm from the injection intersection 40B. 
The 1 .6 mm and 11.1 mm separation lengttis were used over a range of electric field strengttis from 0.06 to 1 .5 kV/ 
cm, and the separatiofis had ttas^ine resolution over this range. At an electric field strength of 1 S kV/cm. the analytes. 
20 rfK>damine B and fluorescein, are resolved in less tfian 150 ms for the 0.9 mm separation length, as shown in Figure 
1 7(a). in less than 260 ms for the 1 .6 mm separation length, as shown in Figure 1 7(b). and In less than 1 .6 seconds 
for tlie 11.1 mm separation length, as sfiown In Rgure 17(c). 

[0094] Due to the trapezoidal geometry of the channels, the upper comers make It difficult to cut the sample pkjg 
away precisely when the potentials ere switched from the sample toadir^ mode to the separatkMi mode. Thus, the 
25 injection plug has a slight tall associated with it, and this effect probably aooounts tor the tailing observed in the sep- 
arated peaks. 

[00951 Figure 18, the nurrber of plates per second for the 1 .6 mm and 11.1 mm separation lengtfts are plotted 
versus the electric field strength. The number of plates per second quckty becomes a linear function of the electric 
HeU strength, because the plate he^ht approaches a constant value. TYie symbols in Figure 1 8 represent the exper- 
30 'mental data coflected for the two analytes at the 1 .6 mm and 11.1 mm separation ler^ths. The lines are cak:ulated 
using the previously-stated equation and the coeffk:ients are experknentally detemilned. A slight deviation Is seen 
twtween the experimental data and the calculated numbers, for rhodamine B at the 11.1 mm separatk>n length. This 
is prirr^rily due to ex|>erimental error. 

35 Etectrochromatography 

[0096] A problem with electrophorests for general analysts is its Inaljildy to separate uncharged species. An neutral 
species in a partx^utar sample wilt have zero electrophoretic nriobility, and thus, the same rrvgration time. The rrucrochf) 
analyte Injector 10D shown In F^ure 12 can also be used to perfomi electrothrorrtatography to separate non-lonx; 

40 analytes. To perform such electrochromatograpfiy, ttie suriace of the £eparatk>n channel 340 was prepared by chem- 
k^ly boncfing a reverse pfiase coating to the walls of the separation channel after Isondng the cover plate to the 
sut>6trate to enctosa tlie channels. Ttie separatton channel was treated with 1 M sodti^ hydroxkie and then rinsed 
with water. The separation channel was dried at 125*C for 24 hours while purging with lielium at a gauge pressure of 
spproximately 50 kPa. A 25% (w/W) solution of Ghk>rodimethykx;taldecytsaane (ODS, Aldrich) in tokiene was loaded 

4s into the separatkm channel with an over pressuie of helium at appfoximately 90 kPa. The ODS/ toluene mixture was 
pumped conOnuously into ttte column throughoiA the 18 hour reaction period at 12S*C. The channels are rinsed wfth 
toluene and then with acetonitrile to remove the unreacted CX>S. The laboratory system 10O was used to perform 
electrochromatography on an analytes composed of coumarin 440 (C440), coumarin 450 (C450) and coumarin 460 
(C460; Exciton Chemk^l Co., Inc.) at 10 for the <Srect fluorescent measurements of the separatrans and 1 piM for 

50 the indirect ftuorescent measurements of the vtrfd time. A sodium tetraborate buffer (10 mM. pH 9.2) with 25% (W) 
acetonitrile was the buffer. 

[0097] The analyte injector 1 0D was operated under a rMncfted an^e k)ading mode and a separation (run) mode 
as descrft>ed above with respect to Rgure 6. The analyte is loaded into the ir)jectk>n cross via a ftontal chromatogram 
traveTmg from the analyte resenroir 16D to the analyte uraste resenroir 180, and once the front of the slowest analyte 
55 passes through the inject»ninterseclk)n40D. the sarnple is ready to be ana^fzed. lb sw^ 

the applied potentials ate reconfigured, for Instance by manually throwing a switch. After switching the applied poten- 
tials, the primary flow path for the separation is from the buffer resenroir 12D to the waste reservoir 20D. In order to 
inject a smal anatyte plug into the separatfon channel 340 and to prevent bleeding of the excess analyte into the 
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separation channel, the analyte and the anafyte waste reservoiis 16D, 1BD are maintained at 57% of the potential 
applied to the tMiRer resefvolr 120. This nnethod tif loading and injecting the sannple is time-independent, non-biased 
and reproducible. 

[0098] In Rgure 1 9. a chrDmatogram of the coumarins is shown for a linaar velocity of 0.65 rnnn/s. For C440, 1 1 700 
5 plates was observed which corresponds to 120plates^s. The most retained component. C460, has an efficiency nearly 
an order of magnitude lower than for C440. which was 1 290 ptates. The undulating background in the chromalogranns 
is due to background fluorescence from the glass sut^slrate and shows the power in6tat>0ity of tho laser This, however, 
did not harr^rthequdtty of theseparatfons or detection. These resuBs compare quite well with conventional laboratory 
High Perfonnancc LC (HPLC) techniques in terms of plate nurTA)ers and exceed HPLC In speed by a factor of ten. 
w Efficiency is decreasing with retention faster than would be predicted by meory. This eflect may be due to overloading 
of the monolayer stationary or Mn^ effects due to the high speed of the separation. 

Mfcellar Electrotcinetic CapiHajy Chromatography 

w [0099] In the electrochromatography experiments discussed above with respect to Flguro 1 9, sample components 
were separated by their partitioning interaction with a stationary phase coated on tt»e channel walls. Another method 
of separating neutral analytes Is mtecDar electrokinetk: capillajy chromatography (MECC). MECX ts an operational 
mode of electrophoresis In which a surfactant such as socfium dodecylsulfale (SDS) is added to the buffer in sufficteni 
concentration to form rrtcelles In the buffer. In a typical experimental arrangement, the micelles move much more slowly 

20 toward the cathode than does the surrounding buffer solution. The partitioning of solutes between the miceles and the 
surrounding buffer solution provides a separation mechanism simiiar to that of liquid chromatography. 
[0100] The microch^) laboratory 10D of Figure 12 was used to perfonm on an analyte composed of neutral dyes 
coumarin 440 (C440), coumarin 450 (C450), and coumarfn 460 (C460. Exciton Chemicai Co.. Inc.). Incfividual stock 
solutions of each dye were prepared In methanol, then (filmed Into the analysis buffer before use. The concentration 

25 of eadh dye was approximately 50|tM unless Indicated otherwise. Tlie MECC buffer was composed of 1 0 mM sodium 
borate (pH 9.1), 50 mM SDS. and 10% (vAv) m^hanol. The methanol aids in solubiltztng the coumarin dyes in the 
aqueous buffer system and ateo affects me partitioning of some of the dyes into the miceles. Due care must be iscd 
in working with coumarin dyes as the chemical, physical, and tDxicok>gical properties of these dyes have not been f i^ly 
investigated. 

30 [01 01] The microchip laboratory system 1 0D was operated in the "pinched inje<ak>n" mode described previously. The 
voltages appTted to the rescnroirs are set to either k>a(£ng mode or a "run" (separation) mode. In ttte k>ading mode, a 
frontal chromatogram of the solution In the analyte reservoir 1 60 is pumped eledroosmotically through the intersection 
and into the analyte waste reservoir 180. Voltages applied to the buffer and waste reservoirs also cause weak flows 
into the Intersection from the sides, and then into the analyte waste reservoir 1 BO. The chip remains In this mode until 

35 the slowest moving conponerrt of the analyte has passed through the intersectkm 40D. At this point, the analyte plug 
in the Intersection is representative of the analyte solution, with no eleclrokinetic bias. 

[01 02] An injection is made by switching the chip to the 'nin" mode whteh changes the voltages applied to the res- 
ervoiis such that buffer now f kws from the buffer resenraa- 1 2D through the intersection 40D into the separatton channel 
34D toward the waste reservoir 20D. The plug of analyte that was In the intersection 40D Is swept into the separation 
40 channel 340. Proportionately lower voltages are ^Hed to the analyte and analyte waste reservoirs 1 6D, 1 8D to cause 
a weak flow of buffer from the buffer reservoir 120 into these channels. These ftows ensure thai the sample plug is 
cleanly "broken ofT from the analyte stream, and that no excess analyte teaks into the separation channel during the 
analysis. 

[01 03] The results of the M ECC analysis of a mixture of C440, C450. and C460 are shown in Figure 20. The peaks 

45 were Memlfled by IncSvfduai analyses of each dye. The migration time stBbi% 

metftanol concentration was a strong kKficator thai this dye did not partition into the mk^iles to a signiffeant extent 
Therefore it was considered an electroosmotk: ftow marker with migration time tO. The last peak, C460, was assumed 
to K>e a nriarker for the miceSar migratwn time. tm. Using these values of tO and tm from the data In Figure 20, the 
cateulated elutton range, tO/tm, Is 0.43. This agrees well with a literature value of tO/lm = 0.4 for a simtter buffer system, 

50 and supports our assumption. These results compare well witti con(ventk>nat MECC performed h capillaries and also 
shows some advantages over the electrochromatography experiment descrft>ed at>ove in that 6ffk:iency is retair>ed 
wiO) retention ratio. Further advantages of this approach to separating neutral species is that no surface modification 
of tho walls is necessary and that the slaUonary phase Is contkiuously refreshed during experfments. 

55 Inorganic Ion Analysis 

[0104] Anottier laboratory analysis tiiat can t>e perfonned on either the laboratory system lOB of Figure 6 or the 
laboratory system 100 of Rgure 12 Is Inorganic ton analysis. Using ttie lalwratory system 10B of Figure 6, inorganb 



16 



EP1162 455A1 



fon analysis was performed on metal Ions comptexed with B-hydroxyquinollne-5-sulfontc arid (HQS) which are sepa* 
rated by electrophoresis and detected with UV laser induced fluorescence. HQS has been widely used as a Cgand for 
optical determinations of metal Ions. The optical properties and the solubHlty of HQS in aqueous media have recently 
been used for detection of metal ions separated by ion chromtfography and capiBary etectrophoresis. Because un- 

5 complexed HQS does not fluoresce, excess ligand is added to the buffer to maintain the complexation equil3}ria during 
the separation wrthout contributing a large background signal. This benefits both the efficiency of the separation and 
deteciabflfty of the sample. The confounds used for the experiments are zinc sulfate, cadmium nirate, and aluminum 
nitrate. The buffer is sodium phosphate (60 mM, pH 6.9) with 8- hydroxyquinoHno-5-sulf onic acid (20 mM for ail exper- 
iments except Figure 5; Sigma Chemical Co.). At least 50 mM sodium phosphate buffer is needed to dissolve up to 

10 20 mM HQS. The sut>strate 49B used was fused quartz, which provides greater visil>ilily than glass substrates. 

[0105] The floating or pinched analyte loading, as descrSwd previousfy with respect to Figure 6, is used to transport 
the analyte to the injection intersection 40B. With the floating sample loading, the injected plug has no eiectiophoretic 
bias, but the volume of sample is a function of the sample loadbig time Because the sample loacfing time is inversely 
proportional to the field strengtfi used, for high injection fleld streng^ a shorter injection lime is used thai for low 

15 Injection field strengths. For example, for an Injection fleW strength of 630 V/cm (Figure 3a), the injection tine Is 12 s, 
and for an injection field strength of 520 Vtan (Figure 3b). the injection t»ne is 14S s. Both the pinched and floating 
sample loading can be used with and without suppression of the electroosmolic flow. 

[0106] Figures 21 (a) and 21 (b) show the separation of three metal ions complexed with 8-hydroxyquinoline-5-sulf onic 
acid. AH three complexes have a net negative charge. With the electroosmotic flow minhiized by the covalent bonding 

20 til polyacrylaiTOde to the channel waBs. negative potentials retatrve to ground are used to manipulate the complexes 
during sample loading and separation. In Figuree 21(a) and 21(b), the separation channel field strength is 870 and 
720 VA»n, respectively, and the separatfon length is 1 6.5 mm. The volume of the injection plug is 1 20 pL which corre- 
sponds to 1 6, 7. and 19 fmol injected for Zn, Cd, and Al, respectively, for Rgure 4a. In Figure 4b, 0.48, 0.23, and 0.59 
fmol of Zn, Cd, and Al , respectively, are injected onto the separation column. The average reproducibility of the amounts 

55 injectedls 1.6%rsd(percentrelatlvestandarddevialion)asrneasuredbypeakarBas(6rep8catoana^^ 

of the laser used to excite the complexes is = 1% rsd. The detection limite are in a range where useful analyses can 
be performed. 

Post-Separation Channel Reactor 

30 

[0107] An Itemate microchf} laboratory system 1 0E is shown in Rgure 22. The five-port panem of channels Is dis- 
posed on a substrate 49E and with a cover slip 49E*, as in the previously-descrtoed embodiments. The microch^ 
laboratory system 1 0E enibodiment was fabricated using standard photomhographic, wet chemical etching, and bond- 
ing techniques. A photomask was fabricated by sputtering chrome (50 nm) onto a glass slide and ablating the ctiannet 

39 desi^i into the chrome fOm via a CAD/CAM laser ablation system (Reson^ics, Inc.). The channel design was then 
transferred onto the substrates using a positive photoresist. The channels were etched bito the sitetrate in a dihite 
Htff^h^F bath. To f omn the separation channel 34E, a coverplate was bonded to the sutntrate over the elched channels 
using a cfirect bonding technique. The surfaces were hydrolyzed in cfilute NH4OH/H2O2 solution, rinsed in deionlzed. 
meied H2, joined and then annealed at 500*C. Cylindrical glass reservoirs were affixed on the substrate using RTV 

-#0 silicone (made by General Bectric). Platinum electrodes provided electrical contact from the vott^ controller 46E 
(Spetlnnah CZE1000R) to the soluttons In the reservoirs. 

(0108] The channel 26E is m one erhbodknent 2.7 mm In length from the fust reservoir 1 2E to the intersection 40E, 
while the channel 30E is 7.0 mm, and the third channel 32E is 6.7 mm. The separation channel 34E is modified to be 
only 7.0 mm in length, due to the addition of a reagent reservoir 22E which has a reagent channel 3BE that connects 
45 to the separation channel 34E at a mbdng tee 44E. Thus, the length of the separation channel 34E Is measured from 
the intersection 40E to the mixing tee 44E. The channel 56 extending from the mixing tee 44E to the waste reservoir 
20E b the reaction column or channel, and In the Illustrated embocttment this channel Is 1 03 mm in length. The length 
of the reagent channel 36E is 11 .6 mm. 

[0109] In a representative example, the Rgure 22 embodiment was used to separate an analyte and the sepwation 
so was monitored on-mlcroch|) via fluorescence using an argon Ion laser (351 .1 nm, 50 mW, Coherectt Innova 90) for 
excitation. The fluorescence signal was collected with a photomultipller lube (PMTT, Oriel 77340) for point detection 
andacharge coupled device (CCD, Princeton Instruments, Inc. TE/CCI>512TKM) for frnaging a region of themicroch*) 
90. The compotmds used lor testing the apparatus were rhodonine B (Exdton Cherhical Co., Irx:.) arginlne, glycine, 
threorune and o-phthaldialdehyde (Signna Chemical Co.). A soc&im tetraborsde bulfer (20 mM, pH 9^ wfth 2% (WV) 
55 methanol and 0.5% (v/V) p-mercaptoethanol was the buffer in all tests. The ccmcentrations of the amino acid, OPA and 
rhodamino B sohiUons were 2mM. 3.7mM, and 50jiM, n^pecth/e)y. Several mn contfitions were utiiized. 
[0110] The schematic view in Figure 23 derrxmstrates one example when 1 1cV is applied to the entire system. With 
this voftage configuration, the electric field strengths in the separation channel 34E (E^ and the reaction channel 
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36E (Ep^ are 200 and 425 V/cm. respectively. This allows the combining of 1 part separation effluent with ^A2S parts 
reagent at the mixing tee 44E. An analyte introduction system such as this, with or without post-column reaction, allows 
a very rapid cyde time for multiple analyses. 

pill) The electropherograms; (A) and (B) in Figure 2 demonstrate the separation of two pairs of amino adds. The 

5 vottage conliguratior is the same as m Figure 23, except the total applied voltage Is 4 IcV which corresponds to an 
electric field strength of 800 V/cm In the separation column (E^ and 1 ,700 V/cm. in the reaction column (E,^). The 
Injection times were 100 ms for the tests which correspond to estinoted injection plug lengths of 384, 245. and 225 
pm for argintna, glydne and threonine, respectively. The injection volumes of 102, 65, and 60 pL connBsporKi to 200, 
1 30, and 1 20 frnol injected for arginlne, glydne and threonine, respectively. The point of cfetection is 6 .5 mm downstream 

10 from the mixing tee which gives a total column length of 13.5 mm for the separation and reaction. 

[Oil 2| The reaction rates of the amino adds with the OPA are moderately fast. kMJt not fast enough on the time scale 
of these experonents. An increase in the l>and distortion is obsen^ because the mokrilities of the derfvatlzed conrv 
pounds are diffefent from the pum amino adds. Unta the reaction is comply, the zones of unreeled and reacted 
amino acid will move at different vefocdies causing a broadening of the analytezone. As evidenced In Rgure 24» glycine 

fs has the greatest discrepancy in etectrophoretic mobilities t>etween the derfvafized and un-derivatized amino acid. To 
ensure that the excessive band t>rDadening was not a function of the retention time, threonine was also tested. Thre- 
onine has a sightly longer retention time than the glydne; however the broadening Is not as extensive as for glydne. 
[0113] To test the effidency of the microchip In both the separation column and the reectton cdumn, a fluorescent 
laser dye, rhodamine B. was used as a probe. Efficiency n^asurements calculated from peak widths at half height 

^ were made using the point detection scheme at distances of 6 mm and 8 nvn from the ir^ection cross, or 1 upstream 
and 1 mm downstream from the mixing toe. This provkjed information on the effects of the mixing of the two streams. 
[Oil 4] The electric field strengtlis in the reagent column and the separation colunm were approximately equal, and 
the fidd strength In the reaction oolwnn was twice that of the separation column. This configuration of the applied 
voltages aOowed an approximately 1:1 volume ratio of derlvatlzing reagent and effluent from the separation column. 
As the Field strengths increased, the degree of turfoulerx» at the mixing tee increased. At the separation distance of 6 
mm (1 nvn upstream from the mixing tee), the plate height as expected as the inverse of the linear velocity of the 
analyte. At the separation distar)ce of 8 mm (1 mm upstream from the mixing tee), the plate freight d^ decreased as 
expected as the inverse of the velocity of the analyze. At the separation distance of 8 mm (1 mm downstream from 
the mixing tee), the plate height data ctecreases from 140 V/cm to 280 V/cm to 1 400 V/cm. This t)ehavtor Is abnormal 

30 and demonstrates a band t>roadening phenomena wtien two strectfns of equal volumes converge. The geometry of the 
mixing tee was not optimized to minknize this t>and distortion. Above separation field strength of 840 V/cm. the system 
stabilizes and again the plate height decreases with trtcreasing linear velocity. For = 1 400 Vkm, the ratio of the 
plate heights at the 8 mm and 6 mm separation lertgths is 1.22 which is not an unacceptable loss in efficiency for the 
separation. 

3S [0115] The intensfty of the fluorescence signal generated from the readion of OPA with an amino add was tested 
by contmuously purring glycine down the separation channel to mix with the OR^ at the mixing tee. The fluorescence 
signal from the OPA/antino add reaction was cdiected using a CCD as the produd nrx>ved dovtmstream from the mixing 
tee. Again, the relative volume ratio of the OPA and ^^nB streanB was 1 .1 25. OPA has a typical half-time of reaction 
with amino ackis of 4 s. The average reslderKe tinges of an analyte mdecule in tfie wirulow of ot)$ervatk>n are 4.68. 

40 2.34, 1 .17. and 0.50 s for the electric field strengths \n the reaction column (E^ of 240, 480, 960, and 1 920 V/cm, 
respectively. The relative Intensities of the fluorescence correspond qualitatively to this 4 s half-lime of Te&c6on, As 
the field strength increases m the reaction channel, the slope and maximum of the intensity of the fluorescence shifts 
further dowietream because the glydne and OPA are swept away from the mbdng tee fester with higher field strengths. 
IdedV. the observed lluorescenoe from the produd would have a step funcfion of a respond 

^ the separation efiluent and deilvatlzlrigfeagem. However, the Idnetics of the reaction^ 
inated by diffusion prevent this fmm occurring. 

[0116] Theseparation using the post-separation diannel readoremployed a gated injection scheme In order to keep 
the analyte, buffer arxl reagent streams isolated as ifiscussed atxtve with resped to Figure 3. For the post-separation 
channel reactions, the microchip was operated in a continuous analyte foadlng^separation mode wheretjy the analyte 

so was contiruiously pumped from the analyte reservoir 12E through the injection intefsectk>n 40E toward the analyte 
waste reservoir 18E. Buffer was simultaneously pi^nped fmm the buffer reservoir 1 6E toward the analyte waste and 
waste reservoirs 1 BE. 20E to defied the analyte stream and prevent the analyte from rrdgratlng down the separation 
channel. To injed a small aliquot of analyte, the potentiate al the tMiffer and analyte waste reservolrB 16E, 18E are 
sinnpty floated for a short period of tvne (slOO ms) to allow the analyte to migrate down the separation channel as an 

99 analyte injection plug. To break oft the injedk>n pkjg, the potentials atthe buffer and analyte waste reseivdrs 1 6E, 1 BE 
are reapplied. 

[01171 The use of mk:romachlned post-column reactors can nnprove the power of post-separation channel reactfons 
aa an analytkal tool bf minirrizing the vohime of the extra-channd plumbing, espedally t)etween ttie separatkm and 
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reagent channels 34E, 36E. This nrticrochip design (Rgure 22) was fabricated with modest length for the separation 
channel 34E (7 mm) and reagent channel 36E (10.8 mm) which were more than sufficient for this demonstration. 
Longer separation channels can be manufactured on a similar size microchip using a serpentine path to perform nx)re 
difficult separations aa discussed above vnth respect to Figure 12. To deaease post-mixing tee band distortions, the 
5 ratio of the channel d&nenslons b^een the separation channel 34E and reaction channel 56 should be minimized so 
thai the electric field strength in the separatron channel 34E is large, ie., narrow channel, and in the reaction channel 
56 is smaD. Le., wide channel 

[01 1 8] For capilbry separation systems, the small detectkm volumes can Emit the number of detection schemes ttuit 
can be used to extract infomiatlon. Fiuorescence detection remains one of the most sensitive detection techniques for 

10 capiHary electrophoresis. When incorporallng fluorescence detection into a system that does not have naturally fluo- 
rescing analytes. derivatization of the analyte must occur either pre- or post-separation. When the fluorescent "lag" is 
short Bved or the separation is hindered by pre^eparation derivatization, post-column addilbn of derivatizing reagent 
becomes the method of choice. A variety of post-separaiion reactors have been demonstrated for capiltary electro- 
phoresis. However, the ability to construct a port-separation reactor with extramely low volume connections to minimize 

rs band distortion has been dWicult. The present invention takes the approach of fe^ricating a microchip ctevice for elec- 
trophoretic separations with an integrated post-separation reaction channel 56 in a single mondtthic device enabling 
extremely tow voli^ne exchanges tsetween Individual channel functions. 

Pre-Separation Channel Fteaction System 

20 

[0119] Instead of the post-separation channel reactor design shown In Figure 22. the microchip laboratory system 
10F shown in Figure 25 includes a pre-separation channel reactor. The pre-sepa ration channel reactor design shown 
in Rgure 25 is sln^ to that shown In Figure 1 . excc^ thai the Frst and second channels 26F, 28F form a *goaH>osr 
design with the reaction chwnber 42F rather than Uie *Y* design of Figure 1 . The reaction chamber 42F was designed 
25 to be wider than the separation channel 34F to give lower electric field strengtiis In tfie reaction chamber and thus 
longer residence times for ttw reagents. The reaction chamber is 96 wide at half-depth and 6^ pm deep, and the 
separation channel 34F is 31 ^ wide at half-depth and 6:2 (im deep. 

[01 20] The microch|> laboratory system 1 0F was used to perform on-line pre-separation channel reactions coupled 
with electrophoretic analysts of the reaction products. Here, the reactor Is operated continuously with smalt sliquots 

30 introduced periodicalty into the separation channel 34F using tiie gated cftspenser discussed at>ove with respect to 
Figure 3. The operation of tiie microchip consists of three elements; tiie derivatization of amino adds with o-phthaJdi- 
aldehyde (OPA). injection of the sample onto the sq^aration column, and ttie separation^ detection of tiie components 
of the reactor effluent Tiie compounds used for the experiments were ar^nine (0.48 mM). glycine (0.58 mM). and 
OPA (5.1 mM; Sigma Chemical Co,). The buffer in aD of the reeervoirs was 20 mM sodium tetraborate with 2% (v/v) 

OS methanol and 0.5% (WW) 2-mercaploethanol. 2-fnerc8ptocthanol is added to the buffer as a reducing agent for the 
derivatization reaction. 

[01211 To hiplemenl the reaction tiie reservoirs 12F» 14F. 1 6F, 1 8F, and 20F were simultaneously given controlled 
voltages of .5 HV, .5 HV, HV, 2 HV. and ground, respectively. Tliis configuration aSowed tiie lowest potential cfrop 
^oss ttie reaction chamber 42F (25 V/fcm for 1.0 kV s^^Bed to ttie microcWp) and highest acn>s$ tiie separation 

40 channel 34F (300 V/cm for 1 ,0 kV ^lied to the mlcroch*^) without significant bleeding of the product into tiie separation 
channel when using tiie gated in]ectk>n scheme. The voltage divkler used to ostablteh the potentia's appSed to each 
oftheieservoirshadatolalreslstanceof 100 MQ with 10 MQ divisions. The analyte h^om tite first reservoir 12Faid 
the rec^t from the second reservoir 1 4F are eiechoosmoticaiiy pumped into the recKtion chamber 42F with a volu- 
melrte ratio ofl :1 .06. Therelore. the solutions from the analyte and reagent reservoirs 1 2F, 14F are («uled by a factor 

45 of = 2. Buffer was simuRancously pumped by electroosmosis from tiie buffer resavoir 1 6F toward the analyte waste 
and waste reeervoirs 1 8F. 20F. This buffer stream prevents the newly fonmed product from bleeding into the sepan^ 
ctiannel 34F. 

[01 22] Preferably, a gated injection sdieme, described ^>ove vnth respect to Figure 3. is used to inject eff bient from 
the reaction chamber 42F into the separation channel 34F. The potential at the buffer reservoir 1 6F is simply fkxated 
so for a brief period of time (0.1 to 1 .0 s)» and sample migrates into tiie separation channel 34F. To break off the injectk>n 
plug, the potential at the butfer reservoir 1 6F is reapplied. The len^h of the injection plug is a function of both tiie time 
of the injection and tiie eiectrk: fwkl strength. Witii ti^ configuration of applied potentials, tiie reactkm of the &mk\o 
adds with tiie OPA continuously generates fresh product to tie analyzed. 

[0123] A significant ahortcoming of many capillary etectrophoresis expervnents has been ttte poor reproducS>ility of 
55 the Injections. Here, becausethe microchip injection process is computer controlled, and the Injection process invokes 
the opening of a single high voltage switch, tiie injections can be accurately timed events. Figure 26 shows the repro- 
dudbilily of the amount injected (percent relative standard deviation, % rsd, for tiie integrated areas of the peaks) for 
both arginine and glycine at injection fieM strenStiis of 0.6 and 1 .2 kV/cm and injection times ranging from 0.1 to 1 .0 
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5. For Injection times greater than 03 s, the percent relative standard deviation is below 1 .6%. This is connparab!e to 
reported values tor convnerdal. eutoniated capiOary electrophoresis instniments. However, injections made on the 
microchip are ^ 1 00 times smaller in volume, e.g. 100 pL on the microchip versus 1 0 nL on a commercial instalment. 
Part of this fluctuation is due to the stability of the laser which is = 0.6 %. For irjection times > 0.3 s, the error appears 

5 to t>e independent of the compound injected and the injection f»ld strength. 

[0124] Figure 27 shows the overlay of three electrophoretic separ^ns of argnine and gtydne after on-microch^ 
pre-column derfvatizatton with OPA with a separation field strength of 1 .8 kV/cm and a separation length of 10 mm: 
The separtfion field strength is the electric field strength in the separation channel 34F during tt>e separation. The fiekJ 
strength In the reaction chamber 42F Is 150 V/cm. The reaction times for the analytes is Inversely related to Xhek 

fo mobilities. e.g.» for arginlne tho reaction Ikne is 4.1 a and for glycine the reaction time is B.g s. The volumes of the 
injected plugs were 1 50 and 71 pL for arginlne and glycine, respectively, which conespond to 35 and 20 f imol of the 
amino adds injected onto the separation channel 34F. The gated injector allows rapid sequential injections to bo made. 
In this particular case, an analysis could be performed every 4 s. The observed electrophoretic mobilities tor the com- 
pounds are determined by a linear fit to the variation of the Imear velodiy with the separation lield strength. The slopes 

f5 were 29.1 and 1 3.3 nnm^()cV-as) for arginlne and glydne, respectively. No evidence of Joule heating was observed as 
Indicated t>y the lineardy of the velocity versus field strength data. A linear lit produced correlation coeffSctents of 0.999 
for arginlne and 0.998 for glycine for separatbn field strengths from 02 to 2.0 kV/cm. 

[0125] With increasing potentials applied to the microchip talxKatory system IDF, the field strengths In the reac^n 
chamt)er42F and separation channel 34F increase. This leads to shorter resid^ice tsmes of the reactants vi the reaction 

20 chamber and faster analysis times for the procfaicts. By varying the potentials ^plied to the microchip, tho reffi:tion 
kinetics can be studied. The vartation In amount of produd generated with reac^n time is plotted in Figure 28. The 
response is the integrated area of the peak corrected for the residence time in the detector ot)servation window arKt 
photobleaching of the product The offset between the data for the arginlne and the glydne in F^re 28 is due pr^rDy 
to the dllf erenca In the amounts injected, i.e. dSferent electrophoretic mob9llies^ for ttie amino adds. A ten-fold excess 

25 of OPA was used to obtain pseudo-first order reaction conditions. The slopes of the lines fitted to the data con^espond 
to the rates of the derivatizalion reaction. The slopes are 0.13 s~^ for arginlne and 0.11 sr'^ for gVdne corresponding 
to halt-times of reaction of 5,1 and 62 a, respectively. These halfHimes of reactk)n are comparable to tt>e 4 s previously 
reported for alpine. We have found no previously reported data for arginine or gtydne. 

[0126] These resufts show the potenti£d power of integrated microfabricated systems for performing chemical pro- 
30 cedures. The data presented in Figure 28 can t>e produced under computer control within five approximately five 
minutes consuming on the order of 1 00 nL (tf reagents. These results are unprecedented in terms of automation, speed 
and volume for chemfcal reactions. 

DNA Analysis 

S5 

[0127] To demonstmte a useful bblogical analysis procedure, a restriction digestion and electro{^oret)c sizing ex- 
perinnent are performed sequentially on the integrated biochemical reactor/electrDphorests microchip system 10Q 
shown in Rgure 29. The nr^croch^ latwratory system 10G is tftentlcal to the laboratory system shown in Figure 25 
except that ttie separation channel 34G of the tatx>ratory system 1 0G foHows a serpentine path. The sequence for 

40 plasTTBd pBiH322 wd the recognition sequence of the enzyme Hint I are known. After cfigestion, determination of the 
fra^nent (fistrlbutlon is performed by separating tt\e digestion products using electrophoresis in a sieving me(fium in 
ttie separation channel 34G. For these experiments, hydrojcyethyt cellulose Is used as ttm sieving medium. At a fixed 
point downstream in the separation channel 34G, rrngratrng fragments are interrogated using on-chip laser induced 
fluorescence with an intercalating dye, thiazole orange dimer (TDTO-1). as the ftuorophore. 

4S 10128] The reaction chamber 42G and separation channel 34G shown In Rgure 29 are 1 and 67 nun long, respec- 
tively, having a width at liaff-depth of 60 ^m and a depth of 12 |im. In addition, the channel walls are coated w8h 
polyacryiamicte to minimize electn>osmotic flow and adsorption. Electropherogiams are generated using singte point 
detection laser induced fluorescence detection. An argon ion laser (1 0 mW) is focused to a spot onto the ch^ using a 
lens (100 mm focal length) The fluorescence signal is collected using a 21x <^Jecthre lens (N A. = 0.42), foitowed by 

so spatial filtering (0.6 mm diameter pinhole) and spectral fflterlng (560 nm txandpass, 40 nm bandwidth), and measured 
using a phc^omuftipSer tU>e (PMI). The data acquisftion and voftage switching apparatus are computer controlled. The 
reaction tHiffer is lOmMTrts-acetate, lOmM magnesium acelate. and 50 mM potassium acetate. The reaction tnjffer 
Is placed In the DNA, enzyme and waste 1 reservoiis 12G, 14G, 18G stiown In Rgure 29. The separation buffer Is 9 
mM Trf8-t>orBte with 0.2 mM EDTA and 1% (w^ hydmxyethyl ceDulose. The separation buffer is placed in Uie buffer 

ss and waste 2 reservoirs 16F, 20F. The concentrations of the plasmid pBR322 and enzyme Hinf I are 125 ngfyii and 4 
unfts/^, respectively. The cfigesttons and separations are performed at room temperature (20*C). 
[0129] The DNA and enzyme are electrophoretically loaded into the reaction chamt>er 42G from their respective 
reservoirB 12G, 14G by apptication of proper electrical potentials. The reladve potentials at tiie DMA (12Q), enzyme 
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(14G), buffer (1 6G), waste 1 (18G)» and waste 2 (20G) reservoirs are 10%, 10% 0. 30%, tfid 1CXy%» respectively. Due 
to the electrophor^ic mobflity differences between the DNA asvi enzyme, the loading period is made suffidentiy long 
to reach equilibrium. Also, due to the small volume of the reaction chamber 42G. 0.7 nL, rapid diff usional mixing occurs. 
The electroosmotic now is minimized by the covalent immobilization of linear polyacrylamide, thus only anions migrate 
from the DNA and enzyme reservoirs 12G, 14G into the reaction chamber 42G wdh the potendal distrftMitlons used. 
The reaction iMiffer which contains cations, required for the enzymatic digestions, e.g. Mg?^, is ^so placed tn the waste 
1 reservoir 18G. This enables the cations to propagate into the reaction chamber countercurrent to the DNA and 
enzyme during the loading ol the reaction chamber. Ihe digestion is performed statically by removing all electrical 
potentials after loading the reaction chamber 420 due to the reladveiy short transit time of the DNA through the reaction 
chamber. 

[0130] Following the digestion period, the products are migmted into the separation channel 34F for analysis by 
floating the voltages to the buffer and waste 1 reseivoiis 16F, 1 8R The injection has a mobiity bias where the smaller 
fragments are injected in feemr of the larger fraspnents. In these experiments the Injection plug length for the 75- base 
pair (bp) fragment is estmated to be 0.34 mm whereas for the 1632-bp fragment only 0.22 mm. These plug lengths 
con)spond to 34% and 22% of the reaction chamber volume, respectively. The entire contents of ttie leaction chanter 
42F cannot be analyzed under current separation conditions because the contribution of the injection plug length to 
the plate he^ht would t>e overwhetmirtg. 

[01 31] Following d^estion and injection onto the separation channel 34F, the fragments are resolved using 1 .0% (w/ 
v) hydroxyethyl cellutose as the sieving medii^. Fi^re 30 shows an electropherogram of the restriction fra^nents of 
the plasmid pBR322 following a 2 min (figoslton by the enzyme HInf I To enable elfidertt on-column staining of the 
double-stranded DNA after dige^on but prior to interrogation, the intercalating dye, TOTO-1 (1 pM), Is placed In the 
waste 2 reservoir 20G only and m^ates countercunent to .the DNA. As expected, the relative intensity of the bands 
increases with increasing fragment size because more intercalation sites exist tn the larger fragments. The unresolved 
220/221 and 507^1 1-bp fra^nenls liaving higher intensities than adjacent single fragment pealcs due to the band 
overiap. The repn>ducd>ifity of the migratton limes and injection volumes are 0.55 and 3.1 % relative standard deviation 
(%rsd), respectively, for 5 replicate analyses. 

[0132] This demonstration of a microch'p laboratory system 10G that perfomis plasmid DNA restriction fragment 
analysis indicates the possibility of automating and miniaturizing more sophisticated biochemical prcx:edures This ex- 
periment represents the nx^st sophisticated integrated microchip chemical analysis device demonstrated to date. The 
device mixes a reagent wfth an anaiyte, incut>aies the analyte/reagent mixture, labels the products, and analyzes the 
products entirely under computer control while consuming 10,000 times less material than the typical small volume 
latxxBtory procefftjre. 

[01 33] In general, the present Invention can be used to mix different fluids contBlned in different ports or resenfoirs. 
This could be used for a liquid chromatography separation experiment followed by poet-oolumn labeling reactions in 
which <fiff erent chemical solutions of a ^ven volume are pumped Into the primary separation channel and oOier reagents 
or solutions can be Ejected or pumped into the stream at different times to be mixed m precise and Icnown concentra- 
tions. To execute this process, it fs necessary to accurately control and man'9>ulate solutions in the various channels. 

Pre-/Post-Scparation Reactor System 

[01 34| Figure 31 shows the same six port microchip laboratory system 1 0 shown in Figure 1 , v^ich could take ad- 
vantage of this novel mbclng scheme. Particular features attached to the different ports represent sohrent reservoirs. 
This laboratory system could potentially be used for a liquid chromatography separation experiment followed by post- 
column labeling reactions. In such an experiment, reservoirs 12 and 14 would contain solvents to be used In a liquid 
chromatography sohmt programming type of separation, e.g.. water and acetonftrile. 

[013S] Thechannei 34 connected to the waste resenf0ir20 and to the two channels 26 and 28 connectingthe anaiyte 
and solvent reservoirs 12 and 14 Is the primary separation channel. f.a, where the liquid chromatography experftnent 
would take place. The intersecting channels 30, 32 connecting the buffer and anaiyte waste reservoirs 1 6 and 1 8 are 
used to make an injectk>n Into the Hquidchromatography or separation channel 34 as discussed above. Finally, reservoir 
22 and its channel 36 attaching to the separation channel 34 are used to add a reagert. which is added In proportions 
to render the spedes separated in the separation channel detecta!>le. 

{01 36] To execute th is process, it is necessary to accurately control and manipulate sohidons in the various channels. 
The embodrnenis descrt>ed alx>ve took very smaS volumes of solution fslOO pQ firom reservoirs 12 and 40 and ac- 
curately injected them into the separatkm channel 34. For these various scenarios, a given volume of solutkm needs 
to be transferred from one channel to another. For rample, solvent progranwning for liqukJ chromatography or reagent 
additkM) for post-column labeling reacttons requires that streams of solutkms be mixed In precise and known concen- 
tratwns. 

[01371 The mtaing of various solvents In known proportions can be done according to me pre 
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troHIng potentials which ultimately control electroosmotic flows as indicated in equation 1 . According to equation 1 the 
eledfic field strength needs to be known to detennine the finear velocity of the solvent. In general, in these types of 
mkSc nnanfnilatfons a known ptrfential or voltage is applied to a given reseivoir. The fiekf strength can be eaOfHtbA^ 
from the applied voltage and the characteristics of the channel. In addition, the resistance or conductance of the fluid 
in the channels must also be known. 

[01 38] The resistance of a channel is given tyy equatior 2 where R the resistance, k is the resistivity, L is the length 
of the channel, and A is the cross-sectional area. 

P139I FluMs are usually characterized by conductance which is just the reciprocal of the resistance as shown in 
equation 3. In equation 3, K is the electrical conductance, p Is the conductivity, A is the cross-sectional area, and L is 
the length as atx>ve. 

[0140] Using ohms law and equattons 2 and 3 we can write the fieM strength in a given channel, i, in terms of the 
voltage drop across that charmel divkied by Us len^^h which is equal to the current, ^ through channel I times the 
resistwity of that channel divfcted by the cross-sectional area as shown In equation 4. 

K^M.^ C4) 

[0141] Thus, if the channel is both dimensionaliy and electricaify characterized, the voltage drop across the channel 
or the current through the channel can be used to detennine the solvent vek>city or flow rate through tfiat channel as,: 
expressed in equation 5. It is also noted that fluki Ikiw depends on the zeta potential of the surface and thus on the 
chemfcal make-ups of the fkild and surface. 

V, « ij oc Flow 

[0142] Otsviously the conchictivity, c, or the resistivity, p, win depend i^on the chararteristk* of the solution whch 
could vary from channel to channel In many CE appiicatkms the characteristk:s of the buffer will domnate the electrk:al 
characteristKS of the flukI, and thus the conductarKe will be cortstant tn the case of Bquki chromato^aphy where 
soh^nt programming is perfonned, tte electrical char»:teft6tk:s of the two fnot>ile phases could difler considerably if 
a buffer is not used. During a solvent programming nin where the mole fradton of the mixture is changing, the cor»- 
ducth^ of the mixture may change In a nonlinear tashton but it will change monotonk:ally from the conductlvl^ of the 
one neat soNent to the other. The actual variatkm of the conductance with riiole fi^^ 
constant of the solvent in edditbn to theconducdvfty of the individual tons. 

[0143] As described alxyve, the devk:e shown schematically in Rgure 31 couU be used for performing gradient 
elutkm Kqukl chromatography wtlh post-column labeling for d^ection purposes, for example. Figure 31 (a), 31 (b), and 
31(c) show the fkiid ftow requirements for carrying out the tasks invoh^ed In a ik)ukf chromatography experiment as 
mentioned above. The arrows in the figures show the dkectkm and relative magnitude of the flow In the channels. In 
Rgure 31 (a), a volume of analyte from the analyte reservoff 1 6 is k>aded into the separation kitersection 40. To execute 
a pinched injection It is necessary to transport the sample from the analyte reservoir 1 6 across the intersectton to the 
analyte waste reservov^ 1 8. In addition, to confine ttie analyte volume, material from the separatnn channel 34 and the 
solvent reservoirs 12,14 must flow towards the intersection 40 as shown. The fkiw from the first reservolrl 2 Is much 
larger than that from the second reseivoir 1 4 because these are the initial conditk>n8 for a gradient elutkm experiment 
At the beginning of the gradient elution experlmenl. H Is desirable to pre^^ the reagent in the reagent reservoir 22 
from entering the separation channel 34. To prevent such reagent ftow, a small flow of buffer from the waste reservoir 
20 directed toward the reagent channel 36 is desin^le and this fk>w should be as near to zero as possble. After a 
representtfhw analyte volume is presented at the ir^ectton intersectton 40, the separation can proceed. 
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[0144] In Rgure 31(b), the am (separation) mode is shown, solvents from reservoirs 12 and 14 flow through the 
intefsection 40 and down the separation channel 34. tn addition, the solvents flow towards reservoirs 4 and 5 to make 
a clean injection of the analyte into the separation channel 34. Appropriate How of reagent from the reagent reservoir 
22 Is also directed towards the s^aration channel. The initial condition as shown in Figure 31 (b) is with a large mole 

5 fraction of solvent 1 and a small mole fraction of solvent 2. The voltages appGed to the solvent resen^rs 12, 14 are 
changed as a function of time so that the proportions of solvenAs 1 and 2 are changed from a dominance of sohrent 1 
to mostly solvent 2; This is shown in Rgure 31 (c). TTie latter monotonic change In applied voltage effects the gradient 
elution liquid chromatogmphy expervnent. As the Isolated components pass the reagent addition channel 36, appro- 
priate reaction can take place tietween this reagent and the Isolated material to form a detectable spedes. 

10 [0145] Rgure 32 shows how the voltages to the various reservoirs are changed for a hypothetical gradient elution 
experiment The voltages shown in this diagram only indicate relative magnitudes and not absolute voltages. In the 
loading mode of operation, statk: voltages are applied to the various reservoirs. Solvent f tow from all resen^oirs except 
the reagent reservoir 22 is towards the analyte waste reservoir 18. Thus, the analyte reservoir 18 is at the lowest 
potential and all the other reservoifs are at higher potential. The potential at the recent reservoir should be suff kaentfy 
below that of the waste reservoir 20 to provide only a slight fksw towards the reagent resenM>ir. The voltage at the 
second solvent resenroir 14 should be suffidenlly great in magnlhide to provide a net flow towards the injectk>n inter- 
section 40, tHJt the fk>w shouU be a low nrtagnitude. 

[01 46] In moving to the ru n (start) mode depicted in Rgure 31 (b), the potentiab are readjusted as irKiicated In Figure 
32. The flow now is such that the solvent from the solvents resenfoirs 1 2 and 1 4 is moving down the separation channel 

^ 34 towards the waste reservoir 20. There is also a sl'^t Row of solvent away from the injection intersection 40 towards 
the analyte and analyte waste reservoirs 1 6 and 1 8 and an appropr»te flow of rea^nt from the reagent reservoir 22 
into the separation channel 34. The waste reservoir 20 now needs to t>e at the minimum potential and the first solvent 
reservoir 12 at the maximum potendai. All other potentials are adjusted to provide the flukJ ftow directions and magni- 
tudes as intficated in Figure 31 (b). Also, as shown in Figure 32. the voltages applied to the sohrent resenroirs 12 and 

» 1 4 are monotonically changed to move from the condittons of a large mole fraction of solvent 1 to a large mole fractkm 
of solvent 2. 

[01 47] At the end of ttte solvent progiamming run. the devk^e is now ready to switch back to the Inject condftion to 
load another sample. The voltage variations shown in Figure 32 are only to be illustrative of what might be done to 
provide the vartous fluU flows In Figures 31 (a)-(c). In an actual otperiment some to the various voltages may weO <fiffer 

30 in relative magnitude. 

[01 48] Whie advantageous embodiments have been chosen to illustrate the inventk>n. it wil be understood tsy those 
skilled in the art that various chants and mocfirications can be made thereki without departing from the scope of the 
invention as defined in the appended claims. 

[0149] Aspects of the inventkm are specified in the claims. Other features of the inventkm, whKh are considered 
35 inventive are set out In the foltowing numbered clauses. 

1. A microch^ lal>oratory system for analyzing or synthesizing chemical material, comprising: 

a body having integrated channels connecting a plurality of reservoirs, wherein at least fhre of the reservoirs 
40 simultaneously have a controlled electrical potential associated therewith, such that material from at least one 

of the reservoirs is transported through the channels toward at least one of the other reservoirs to provMe 
exposure to one or more selected chemical or physical environmenta, ttterefay resulting in the synthesis or 
anidys^ of the chemical materieL 

45 2. The system Of clause 1, wherein the material transported is a fluid. 

3. The system of clause 1 , hiither comprising: 

a first intersection of channels connecting at least three of the reservoirs; and 
50 means for mixing materials from two of the resen^rs at the first intersection. 

4. The system of clause 3, wherein the mixing means includes means for producing an electrcal potential at the 
first intersection that is less than the etedrical potential at each of the hMO reservoirs from whkii the materials to 
be mixed originate. 

55 

5. The system of clause 1, further comprising: 

a first intersection of channels connecting firsc, second, thini, and fourth reservoirs; and 
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means tor controlling the volume of a first material tmnsported from the first reservoir to the second reservoir 
through the first Inteise^n by transporting a second material from the third reservoir through the first inter- 
section. 

6. The system of clause S.wherein the comroiSng means includes means for transporting ttie second material 
through the first intersection toward the second and fourth reservoirs. 

7. The system of clause 5, wherein the controlling means includes dispensing means for transporting the second 
materia) through the first intersection in a manner that prevents tt>e first material from moving through ttte first 
intersection toward the second reservoir after a selected volume of the first material has passed through the first 
intersection toward the second reservoir. 

8. The system of clause 5. wherein the controlling means includes diuting means for mixing the first and second 
materials in the first intersection in a manner that simultaneously transports the first and second materials from 
the first Intersection toward ttie second reservoir. 

9. The system of clause 1, wrhere^ the inte^^ted channels include a first channel connecting first and second 
reservoirs, a second channel connecting third and fourth reservoirs in a manner that forms a first Int^ection with 
the first channel, and a thffd channel that conne<^8 a fifth reservoir with the sec^ond channel at a location between 
the first intersecdon and the fourth reservoir. 

10. The system <^ clause 9. further comprising: 

mixing means for mixing material from the ftfth resenroir with material transported from the first intersection 
toward the fourth reservoir. 

11 . The system of clause 9 wherefri the third channel crosses the second channel to fomi a second intersection, 
the system further corrprising: 

a sixth reservoir connected to the second Intersection by the third channel. 

12. The system of clause 11 , further comprising: 

means for transporting material from the fifth and sixth reservoirs to simultaneously move into the second 
intersection. 

13. The system of clause 12, where&i ttie transporting rneans transports the rnaterial lirom the fifth and si^ 
eivoirs through the second intersection toward the first intersection and toward the fourth reservoir after a selected 
vohime of material from the first Intersection Is transported through the second Intersection toward the fourth res- 
ervoir. 

14. A micnich^ flow control system, comprising: 

a body having inte^ted channels connecting at least four reservoirs, the channels forming a first intersection 
wherein at least three of ttie reservoirs simultaneously have a controDed electrical potential associated there- 
wSh such that the volume of material transported from a first reservoir to a second resenroir through ttie first 
Intersection is selectively controlled solety by the movement of a material from a ttuni reservoir through the 
first intersection toward another reservoir 

15. The system of Clause 14,wherein the material transported is a fluid. 

1 6. The system of dause 1 4, further comprising: 

controlling means for transporting the second material from the thvd reservoir through the first intersection 
toward the second reservoir. 

1 7. Ttie system of clause 1 S.wherein the controlling means includes dispensing means for transporting the second 
materia] through the first intersection In a manner that prevents the first material from moving through the first 
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fntersGction toward the second reservoir after a selected votume of the fvst matefia) has passed through the fir^ 
intersection toward the second reservoir. 

1 8. The system of clause 1 6. wherein the controlling means includes diluting means for mixing the first and secortd 
5 materfals In the first intersection In a manner that simultaneousV transports the first and second materials from 

the first sntersection toward the second reservoir. 

19. The system of clause 14. wherein tlie integrated channets include a first channel connecting the fvst and 
second reservoirs, a second channel connecting Ihe third reservoir wtth a fourth rcsen^r in a manner that fonns 

fo a first intersection with the first channel, and a third channel that connects a fifth reservoir with the second channel 

at a location between the first intersection aru! tfie fourth resent. 

20. The system of clause 19» further comprising: 

IS mixing means for mixing material from tlie fifth reservoir with material transported from the first intersection 

toward the fourth reservoir. 

21 . The system of clause 19,wherein the third channel crosses the second channel at a second intersection, the 
system further comprising: 

20 

a sixth reservoir connected to the second intersection by the third channel. 

22. The system of clause 21. further comprising: 

^ mearis for transporting material from the fifth and sixth reseivoirs to slrmiltarteously move into ttie second 

irvtersection. 

23. The system of clause 21 , further compri&ing: 

30 means for trarisporting material from the fifth and sixth reservorrs through the second intersection toward the 

first intersection and toward the fourth reservoir after a selected volume of materfal from the first Intersection 
18 transported through the second Intersection toward the fourth reservoir. 

24. A microf low control system, comprising: 

35 

a body having integrated channels connecting at least four reservoirs, where&i first and second reservoirs of 
the four resenroirs contain first and second materials, respectively, a channel oonnedmg the first reservoir 
and a third reservoir forrmng an intersection with a channel cormectfing the second and a fourth reservoir, and 
a voKage controller that: 

40 

applies an electrical potential difference between the first reservoir and the third reservoir In a manner 
that transports a selected. vanat>le volunie of the first material from the first reservoir through the vrter- 
section toward the third reservoir, and 

after a selected time period, simuttaneously applies an electrical potential to each of the lour reservoirs 
^ in a rnanrier that traiisportstfie second niaterial from the second reservoir thn>ugh^^ 

the thffd reservoir and ttiereby inhitrits movement of the first material ttvough the intersection toward the 
third reservoir. 

25. A method erf controling tfie flow of material through an interconnected channel system having at least four 
M reservoirs, wherein a first resenroir of the four reservoirs contains a first material, the interconnected channel 

system having Integrated channels connecting the reservoirs, the channels forming an intersection, the method 

comprising: 

apptyvig an electrical potential difference between the first reservoir and a third reservoir of the four reservolm 
55 in a manner that transports a selected, variable volume of the first material from the first reserved through the 

intersection toward the third reservoir; and 

after a selected time period, sinuftaneously applying an electrical potential to each of the four reservoirs in a 
manner that inhi>ils the movement of the first material throu^ the intersection toward the third reservoir 
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Claims 

1. A mfcroctiip laboratory system, the system comprising a body having Inlegraled channels (24) connecting at least 
five reservoirs (12C, leC. 18C. 20C. 62) for containing Quid material, and a system (46) for applying electrical 
potentials to the at least five reservotis, the channels defining a first intersection (40C} of: (a) a first channel (30C) 
via which a first storage reservoir (1 6C) Is in fluid flow communicanon with the first intersection (40C); a second 
channel (32C) via which the first intersection (40C) is in fluid flow communication with a first waste resenroir (1 8C); 
(b) a third channel (26C) via which a second storey reservoir (12C) is in fluid flow comniunication w^ the first 
intersection; a second intersection (64) of (a) a short channel via which the second tntersection is in fluid flow 
communication with the first intersection (b) a lourth channel (58) via which the second int^section (64) is in fluid 
flow communication wth a third storage reservoir (62); and (c) a separation channel (34) via which the second 
intersection (64) is In fiuid flow communk»tion with a second waste resenroir (20). 

2. A method of dispensing fluid samples of fluid material in the rr^rochtp laboratory system of daim I , comprising 
the steps of: 

(A) simultaneously applying potentials to the reservoirs so as to operate the first intersection In a pinched 
mode in which fluid flows from the first (1 6C), second (12C) and third (62) storage reservoirs, to the first waste 
resen^oir (1BC), and fluid flows from the third storage reservoir (16C) to the second waste reservoir (20C) 
whereby a sample of material is introduced from the first reservoir into the first irtfersecdon; 

(B) applying potentials to the second storage reservoir (12C) and the second waste reservoir (20C) and to 
others of the reservoirs so that a sample of fluid is diverted from the first intersection mto the separation 
channel; and 

(C) reapplying the potentials of step (A) to move the sample through the separation channel. 

3. A method according to clakn 2, wherein step (B) con^>rises applying to the first stomge reservoir a potential which 
is high compared to that applied to the second waste reservoir and applying lesser potentials to the other reservoirs 
so that a sample of fluid is diverted from the first intersection into the separation channel. 

4. A microchip laboratory system, the system comprising a body having integrated channels (24) in fluid flow com- 
munication with at least five reservoirs (12,14. 16, 18, 20) for containing fluid materials, and a system (46) for 
applying electrical potentials to the at least five reservoirs, and a reaction chamber (42F). the channels defining 
an intersection (40) of the reaction chamber with : (a) a first chan nel (30) via which a first storage resenroir (1 6) is 
In ftidd flow communication with tho intersection; (b) a second channel (32) via which the intersection is in fbiid 
flow communication with a first waste reservoir (1 8); and (c) a separation channel (34) via which the intersection 
is in fluid flow conranunication with second waste reservoir po): the reaction chamber being In fluid flow commu- 
nication via channels (26. 28) with second (12) and further (14) stomge reservoirs for containing reagents. 

5. A method of dispensing fluid sarrpies of fiuid material in a microchf) laboratory system, the system comprising a 
body having Integrated ctiannels (24) in fluid flow communication with at least four resen^oirs (12. 16, 18, 20) for 
containing the fkjid material, and a system (46) for applying electrical potentials to the at least four reservoirs, the 
channels defining an intersection (40) of: (a) a first channel (30) via which a first storage reservoir (16) is b fluid 
flow conmnunication with the inteisection (40); a second channel (32) via which tfie intersection is in fluid flow 
communicatSon wtth a first waste reservoir (1 8); (b) a third channel C26) via wl^ a second storage reservoir (12) 
is in fluid flow communication wfth to the intersection; and (i^ a separation channel P4) via wfdch the Intarsection 
is in fluid flow communication wfth second waste reservob- (20); the niethod comprising ttie steps of: 

A) applying potentials to the said first (t 6) and second (1 2) storage resanrairs and to the first (1 8) and second 
(20) waste reservoirs such that material flows from the first storage reservoir (1 6) to the first and second waste 
reservoirs and material flows from the second storage reservoir (12) to the first waste reservoir (18) so as to 
provkte nmterial from the second storage reservoir to ttte Intersection; 

B) applying potentials to at least the second storage reservoir (12) and ttie second waste reservoir (20) so as 
to start the diversion of a sample of material origmatlng in the second storage reservoir from the intersection 
to the separation channel (34); and 

(C) reapplying the potentials of step (A) to teimbmte the diversion and to move the sample through the sep- 
aration channel. 
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6. A method according to claim 5, wherein step (A) comprtscs applying a first potential to the f rot storage reseivoir 
(16), lower potentials to the second storage (12) and first waste (18) reservofm and a stfU lower potential to the 
second waste resenmir (20) so that nrtfiterial flows from the fiist storage reservoir (1 6) to the fbsl and second waste 
resenmirs (1 6, 20) and nriaterial flows from the second storage reservoir (12) to the fffst waste reservoir (18) so 
as to provide material from the second storage reservoir to the mtersection. 

7. A method according to clatn 6, wherein step (B) comprises applying a potential to the second storage reservoir 
(12) which is high compared to a potential applied to the second waste reservoir (20) to start the diversion of the 
sawp]e of material originating In the second storage resen«)ir (12) from the Intersection (40) to the separation 
channel (34), the potentials applied to the other reservoirs bemg not greater than that applied to the second storage 
reservoir 

8. A method accordir^ to daJm 5, 6 or 7, carried out In a system having a further stora^ reservoir (22) In fluid flow 
communication with the separatbn channel (34) and connprising the further steps of D) using the separation cfumnel 
to analyse the sample and E) applying a potential to thefurther reservoir (22) to cause at least a part of tfie analysed 
sample to react in the separation channel with a reacCant stored in the further reservoir. 

9. A method according to daim5» 6 or 7, in a system having a further storage reservoir (1 4) in fhiid flower 

with the said intersection (40), the said further and second storage reservoirs (14, 12) storing reagents and com- 
prising the steps of: 

reacting the reagents in the system upstream of the said intersection (40); 

applying potentials to the said first (16). further (14) and second (12) storage reservoirs, and to the fbst (18) 
and second (20) waste reservoirs such that material flows from the first storage re8enff>ir (16) to the first (1 8) 
and second (20) waste reseivoBS and reagents flow from the second (12)and further (14) storage resenrolre 
to the first waste reserves' (1 8) so as to provide reactant to the intersection; 

applying potentials to the second and further storage resen/oirs (12, 14) and to the first waste reservoir (18) 
and to the other reservoirs so as to start the diversion of a sample of reactant from the intersection to the 
separation channel; and 

reapplying the potentials of step (A) to terminate the diversion and to move the sample through the separation 
channel (34). 

10. A method according to daim 9. wherein the ^em comprises a reaction thamber (42F) ttetween the inteisection 
and the second and further storage reservoirs (12, 14). 

11. A microchip lat)oratory system, the system comprising a t>ody having integrated channels (24) In fluid flow conr>- 
munication with at least four reservoirs (12, 16. 18. 20) for containing the fluid material, and a system (46) for 
applying electrical potentials to the at least four reservoirs, the channels defining an Intersection (40) of: (a) a first 
channel (30) via which a first storage resen/oir (16) is in fluid flow communication with the intersection; a second 
channel (32) via which the Intersection is in fluid flow communication with a first waste naservoir (1 8); (b) a third 
channel (26) via which a second stonige resen/oir (12) is in fluid flow communication with to the ir^ersection; and 
(c) a separation diannel (34) via which the Intersection is in fluid flow corranunication with second waste reservoir; 
the ^tem l>eing configured to operate in accordance with the method of daim 5. 6 or 7. 

12. A system according to daim 11, having a further reservoir {23^ In fluid flow communication with the separation 
channel (34), the system being configured to operate according to daim 4. 

13. Asystemaccor(fingtoclalm 12, having a further reservoir (22) in fluid flow conmunlcationw&httie said intersectim^ 
the system being configured to operate according to daim 5. 



27 



EP 1162 455 A1 




28 



EP1 162455A1 
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FIG. 6 
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FIG. 17(a) 
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FIG. 17(c) 
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FIG, 21(a) 
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